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Thb  present  volume  completes  the  task,  b^un  eleven 
years  ago,  of  preparing  a  work,  intended  to  represent  the 
existing  state  of  physiological  science,  as  applied  to  the  f  mic- 
tions of  the  human  body.  The  kindly  reception  which  the 
first  four  volumes  have  received  has  done  much  to  sustain 
the  author  in  an  imdertaking,  the  magnitude  of  which  he 
has  appreciated  more  and  more  as  the  work  has  progressed. 

An  elaborate  treatise  on  the  great  subject  of  the  physi- 
ology of  man  must  be  written,  in  this  country,  under  certain 
disadvantages ;  and  the  attempt  to  give  a  fair  and  complete 
account  of  certain  subjects  has  often  seemed  well-nigh  hope- 
less. It  soon  became  evident,  in  the  progress  of  the  work, 
that  it  is  frequently  unsafe  to  take  references  at  second- 
hand, even  from  the  best  writers ;  and  months  of  delay  in 
the  appearance  of  each  volume  have  been  due  to  the  necessity 
of  looking  up  citations,  as  it  was  desired  to  make  reference 
only  to  original  works.  There  are  no  complete  libraries  on 
physiology  in  this  country ;  and,  while  the  author  has  derived 
great  assistance  from  the  serial  publications  contained  in  the 
Astor  library — ^which  he  takes  this  occasion  to  acknowledge 
most  gratefully — ^he  has  been  compelled  to  import  the  greater 
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ntunber  of  the  works  to  which  he  has  referred.  As  far  as 
such  an  end  could  be  accomplished  by  patient  labor,  the  ref- 
erences are  accurate,  and  given  in  such  a  way  that  they  can 
be  easily  verified.  The  author  has  not  hesitated,  however, 
to  give  his  own  opinions  upon  every  subject  considered,  even 
when  they  have  been  opposed  to  high  authority. 

In  the  preparation  of  this  work,  the  author  has  formed 
his  opinions,  to  a  great  extent,  from  the  results  of  direct 
observation  and  experiment,  as  the  true  basis  of  what  is 
positively  known  in  physiology ;  and,  while  the  earlier  vol- 
umes might  be  modified  by  the  addition  of  new  facts,  they 
contain  comparatively  little  that  has  been  disproved  by  re- 
cent investigations.  Experimental  observations  have  been 
studied  and  criticised  from  a  practical  point  of  view ;  and,  in 
this,  the  author's  training  as  an  experimentalist  and  a  public 
teacher  for  more  than  fifteen  years  has  given  him  a  certain 
degree  of  confidence.  It  is  the  practical  physiologist  who  is 
best  qualified  to  judge  of  the  correctness  of  the  results  of 
physiological  experiments  and  of  the  accuracy  of  methods  of 
investigation ;  and  the  author  has  learned,  from  his  own  at- 
tempts at  original  observation,  to  estimate  the  diflBculties  of 
direct  research  and  to  appreciate  the  inaccuracies  into  which 
careless,  inexperienced,  or  overrenthusiastic  workers  are  liable 
to  fall. 

As  regards  certain  new  views  enunciated  in  the  first  four 
volumes,  the  author  has  found  no  reason  to  modify  his  opin- 
ions. In  the  first  volume,  tmder  the  head  of  respiration,  he 
stated,  as  the  result  of  numerous  experiments,  that  the  hesom 
de  respirer,  or  sense  of  want  of  air,  the  impression  which 
gives  rise  to  the  first  inspiratory  effort  in  the  newly-born  and 
which  excites  the  reflex  acts  in  normal  respiration,  is  refers 
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able,  not  to  the  ItmgSj  bxit  to  the  general  system,  and  is  due 
to  want  of  oxygen  and  not  to  the  stiinuktion  of  carbonic 
add.  ThiB  view,  originally  i>ubh'ehed  in  1801/  has  been  con- 
firmed by  farther  study  and  observation. 

In  1863,  the  author  published  an  aoconnt  of  a  new  ex- 
cretory function  of  the  liver,  consisting  in  the  separation  of 
eholesterine  from  the  blood,  and  its  discharge  in  the  f a?ceS| 
in  the  form  of  stercorine.'  This  discovery  the  author  re- 
garded aa  of  great  importance,  pathologically  as  well  aa 
physiologically,  as  it  gave  an  idea  of  the  pathology  of  cer- 
tain diseases  of  the  liver  in  which  eholesterine  is  retained  in 
the  blood,  constituting  the  condition  described  by  the  author 
under  the  name  of  cholestersemia.  The  fact  of  puch  a  re- 
tention of  eholesterine  was  demonstrated  in  many  cases  in 
the  human  subject ;  but  the  views  of  the  author  have  lately 
received  complete  confirmation  by  the  experiments  of  Dr, 
Koloman  Mullery  who  produced  chojesteitemia,  with  all  the 
symptoms  of  "  grave  icterus,"  by  injecting  eholesterine  into 
the  veins  of  dogs,'  It  seems  to  the  author  that  his  views 
upon  tliis  point  must  now  take  a  permanent  place  in  science. 

In  the  third  volume,  the  author  ailheres  to  the  view  that 
sugar  is  produced  by  the  liver  during  life,  and  reconciles  the 
discordant  observations  upon  this  point,  by  demonstrating 
tliat  the  sugar  thus  produced  is  washed  out  by  the  blood  as 
fast  as  it  is  formed,  and  may  not  be  found  in  the  liver  itself, 
a  thia  orgjm  be  examined  a  few  seconds  after  death.*  This 
view  has  been  atlopted  by  many  writers,  as  settling  the  con* 
troversy  with  regard  to  the  function  of  glycogenesis. 

I  Afiierieon  Jcurnal  tf  (hs  M^cal  8cienem^  PbUAdelpbia^  October,  1861. 

*  l!iKt,  Oi'tober»  1862, 

•  Arrhw  fkr  fTperimenlelt€  Pathjoloffie  untl  PharmokcSo^t^  L<>ipdg,  1878,  Bd. 
I,  Dfitt^  Heft.  *  JVfW  York  Medical  JwrntU^  January,  18<5C* 
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In  1871,  the  author  published  an  elaborate  series  of  in- 
vestigations on  the  physiological  effects  of  severe  and  pro- 
tracted muscular  exercise,  with  special  reference  to  its  influ- 
ence upon  the  excretion  of  nitrogen.*  If  the  simple  facts 
resulting  from  these  investigations  be  accepted  as  true,  they 
fully  confirm  the  view  enunciated  in  the  third  volume — 
which  is  directly  opposed  to  the  opinions  of  many  recent 
observers — ^that  muscular  exercise  largely  increases  the  elimi- 
nation of  urea. 

In  the  fifth  and  last  volume,  an  attempt  has  been  made 
to  give  a  clear  account  of  the  physiology,  of  the  special 
senses  and  generation,  a  most  difficult  and  delicate  under- 
taking. With  regard  to  the  chapters  on  vision,  the  author 
desires  to  express  his  acknowledgments,  for  most  valuable 
aid,  to  his  colleague,  Professor  H.  D.  Noyes,  who  carefully 
overlooked  this  portion  of  the  work  and  made  many  impor- 
tant corrections  and  suggestions.  If  this  section  be  found 
fully  up  to  the  present  day  in  ophthalmology,  it  is  largely 
due  to  the  assistance  rendered  by  Professor  Noyes. 

Finally,  as  regards  the  last,  as  well  as  the  former  vol- 
umes, the  author  can  only  say  that  he  has  spared  neither 
time  nor  labor  in  their  preparation ;  and  the  imperfections 
in  their  execution  have  been  due  to  deficiency  in  ability  and 
opportunity.  He  indulges  the  hope,  however,  that  he  has 
written  a  book  which  may  assist  his  fellow-workeics,  and  in- 
terest, not  only  the  student  and  practitioner  of  medicine,  but 
some  others  who  desire  to  keep  pace  with  the  progress  of 
Natural  Science. 

1  New  York  Medical  Jimmal,  June,  1871. 
New  York,  JTay,  187i. 
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CHAPTER  L 

BPBOIAL  SENSES — TOUCH,  BTO. 

General  characters  of  the  special  senses — ^Muscular  sense  (so  called) — ^Apprecia- 
tion of  wdght — Sense  of  touch — ^Variations  in  tactile  sensibility  in  different 
parts — ^Table  of  yariations  measured  by  the  SBsthesiometer — Connection  be- 
tween the  variations  in  tactile  sensibility  and  the  distribution  of  the  tactile 
corpuscles — Titillation — ^Appreciation  of  temperature — ^Venereal  sense. 

OuB  study  of  the  nervous  system,  in  the  volume  devoted 
to  that  subject,  has  involved  simply  motion  and  what  is 
known  as  general  sensibility;  and  almost  all  our  positive 
knowledge  of  these  properties  has  been  derived  from  experi- 
ments upon  the  inferior  animals.  As  regards  sensation,  the 
experiments  have  referred  to  impressions  recognized  as  pain- 
ful ;  and  we  have  seen  that  these  are  conveyed  to  the  centres 
by  nerve-filaments,  anatomically  as  well  as  physiologically 
.distinct  from  those  which  convey  to  the  contractile  parts  the 
stimulus  that  gives  rise  to  motion.  As  far  as  we  have  studied 
the  sensory  nerves,  we  have  alluded  to  simple  impressions 
only ;  but  it  is  evident  that  the  filaments  of  peripheral  distri- 
bution of  these  nerves  are  capable  of  receiving  a  variety  of 
impressions,  by  which  we  determine,  to  a  certam  extent,  the 
form,  size,  character  of  surface,  density,  and  temperature  of 
objects.  We  also  have  a  general  appreciation  of  heat  and 
cold ;  a  sense  of  resistance,  which  gives  an  idea  of  weight ; 
and,  finally,  there  are  nerves  of  peculiar  properties,  termi- 
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nating  in  organs  calculated  to  receive  the  impressions  of 
smell,  sight,  hearing,  and  taste. 

The  senses  of  olfaction,  vision,  audition,  and  gustation 
belong  to  peculiar  organs,  provided  with  nerves  of  special 
properties,  which  are  not  usually  endowed  with  general  sen- 
sibility. These  nerves  have  been  omitted  in  our  general 
study  of  the  nervous  system;  and  the  accessory  organs  to 
which  they  are  distributed  are  so  important  and  intricate  in 
their  structure  as  to  demand  extended  description. 

The  senses  of  touch,  titillation,  temperature,  and  pain 
are  all  conveyed  to  the  nerv&<5entres  by  what  we  have  de- 
scribed as  ordinary  sensory  nerves ;  the  touch  being  perfected 
in  certain  parts  by  peculiar  arrangements  of  the  terminal 
nerve-fibres.  Though  it  be  possible  that  each  one  of  these  im- 
pressions may  be  transmitted  by  special  and  distinct  fibres, 
tiiis  has  not  yet  approached  a  positive  demonstration.  The  so 
called  muscular  sense,  by  which  we  appreciate  weight,  resist- 
ance, etc.,  undoubtedly  depends,  to  a  great  extent,  if  not  en- 
tirely, upon  the  muscular  nerves.  In  our  study  of  the  passage 
of  the  nerve-fibres  to  the  encephalon  through  the  spinal  cord, 
it  has  been  seen  that  most  of  the  motor  fibres  decussate  in 
mass  at  the  medulla  oblongata,  and  that  the  sensory  fibres  de- 
cussate throughout  the  entire  length  of  the  spinal  axis.  This 
important  anatomical  and  physiological  fact  enables  us  to 
separate  pretty  clearly  the  muscular  sense,  so  called,  from 
the  various  modifications  of  general  sensibility  just  men- 
tioned. Dr.  Brown-S6quard  has  observed,  in  a  number  of 
cases  of  disease  of  the  cord,  etc.,  in  the  human  subject, 
that  the  conductors  of  the  impressions  of  touch,  titillation, 
pain,  and  temperature  decussate  in  the  cord,  while  the  con- 
ductors of  the  "  muscular  sense  " — ^if  such  a  sense  exist— de- 
cussate at  the  medulla  oblongata.^ 

'  BaowN-SiQUARD,  Jieeherches  mr  la  Iransmiasum  da  impressioM  de  tad^ 
de  chatouillement^  de  douleur^  de  temperature^  et  de  contraction  {sens  miMcu- 
laire)  dans  la  modle  ipin^e. — Journal  de  la  phyeiologiey  Paris,  1868,  torae  tI, 
p.  125. 
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Muscular  Sen-se  {ho  called). 
It  18  difficult  to  define  exactly  what  is  meant  bv  the  term 
mnscnlar  senee,  as  it  is  used  by  many  plij^iologist^.  In  all 
probability,  tbe  sense  which  enables  us  to  appreciate  the  re- 
sistance, immobility,  and  elasticity  of  substances  tlmt  Bve 
grasped,  on  which  we  treiid,  or  whichj  by  their  weight,  are 
opposed  to  the  exertion  of  muscular  power/  is  immensely 
modified  by  education  and  habit.  Still,  it  is  undoubtedly 
true  tlmt  the  general  sensibility  regulates  the  action  of  mus- 
cles to  a  very  great  extent.  If,  for  example,  the  lower  ex- 
tremities be  paralyzed  as  regards  sensation,  the  muscular 
power  remaining  intact,  the  person  affected  cannot  walk, 
im^lesa  he  be  able  to  see  the  ground*  In  these  c-ases,  the  in- 
-.dividual  often  falls  when  lilindfolded,  for  the  simple  reason 
fliat  his  limbs  have  lost  the  sense  of  contact  with  the  ground, 
which  is  nothing  more  nor  less  than  loss  of  general  sensi* 
bility.  ilany  curious  examples  of  this  kind  are  to  be  found 
in  works  upon  diseases  of  the  nen'ous  system.  One  of  the 
most  striking  is  a  case  communicated  to  Sir  Cliarles  Bell  by 
X>r,  Ley.  The  patient  was  atBicted  with  partial  loss  of  sensi- 
bility upon  one  side  of  the  body,  "  without,  however,  any 
corresponding  diminution  of  power  in  the  muscles  of  voli- 
tion, so  that  she  could  hold  her  child  in  the  ann  of  that  side 
so  long  as  her  attention  was  directed  to  it ;  but,  if  surround- 
ing objects  witlnirew  her  fr<:>m  the  notice  of  tlie  state  of  her 
arm,  the  flexors  gradually  relaxed,  and  the  child  was  in  hazard 
of  falling."  *  This  is  precisely  like  the  phenomena  ordinarily 
deecril:>ed  under  the  head  of  locomotor  atfixia.  In  this  dis- 
order, there  is  disease  of  the  posterior  colimms  of  the  spinal 
cord,  with  progressive  loss  of  general  sensibility,  the  mus- 
cular  power,  in  some  instances,  being  intact.  Patients  af- 
fected in  this  way  cannot  walk  or  stand  unless  tliey  be  able 
to  supply  the  sense  of  contact  by  the  sight.    One  of  the  most 

'  Sec  Tol.  iil,  Movementfl^  p.  460.    We  b»vo  here  treated  of  tlie  seufiibilitj 
of  ih»  miiAcl(«  in  Us  rekUotiB  to  movtsmcnts. 

*  Bull,  The  Sermm  Sjftiem  a/  the  Muman  Jm^,  London,  UU,  p.  246. 
132 
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characteristic  phenomena  is  inability  to  stand  when  blind- 
folded ;  although,  with  the  aid  of  the  sight,  the  muscles  can 
be  made  by  the  will  to  act  with  great  power. 

Without  entering  into  a  full  discussion  of  the  various  ar- 
guments used  for  and  against  the  existence  of  a  special 
^^  muscular  sense,"  it  is  sufficient  to  state  that,  in  those  cases 
in  which  general  sensibility  is  lost  or  seriously  impaired,  the 
brain  has  no  exact  appreciation  of  the  action  of  the  muscles, 
except  as  regards  the  sense  of  fatigue.  This  question  is  of 
great  importance  in  connection  with  the  pathology  of  the 
nervous  system ;  and  it  seems  that  the  weight  of  evidence  is 
decidedly  in  favor  of  the  view,  that  there  is  no  distinct  per- 
ception of  muscular  action,  aside  from  general  sensibility, 
that  can  properly  be  called  a  muscular  sense. 

Habit  and  education  enable  us  to  appreciate  with  great 
nicety  difiPerences  in  weight ;  but  this  is  chiefly  due  to  the 
sense  of  resistance  to  muscular  eflEort,  and  has  little  depend- 
ence upon  the  sense  of  touch.  In  the  elaborate  and  clas- 
sical experiments  of  Weber,  this  point  was  very  strikingly 
illustrated.  The  observations  of  this  physiologist  upon  the 
sense  of  touch  and  general  sensibility  were  very  varied  and 
extensive ;  and,  among  the  most  important  of  the  results  with 
regard  to  the  appreciation  of  pressure  and  weight,  are  the 
following :  * 

In  general,  those  parts  which  are  most  sensitive  to  the 
impressions  of  touch,  as  the  fingers,  enable  us  to  appreciate 
differences  in  pressure  and  weight  with  the  greatest  accuracy. 
The  sense  of  simple  pressure,  imaided  by  the  estimation  of 
weight  by  muscular  effort,  is  generally  more  acute  upon  the 
left  side,  probably  because  the  integument  of  the  left  hand  is 
thinner  than  that  of  the  right  hand.  Differences  in  weight 
can  be  accurately  distinguished,  when  they  amount  to  only 
one-sixteenth,  by  employing  muscular  effort  in  lifting,  as 
well  as  the  sense  of  pressure ;  but  the  sense  of  pressure  alone 

*  Webkr,  Dmcksinny  in  Wagner,  Handworierhuch  der  Pkynologie^  BnuA- 
fichweig,  1846,  Bd.  SI,  Zweite  AbtheUung,  S.  648,  ei  9eq, 
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enables  us  to  appreciate  a  difierence  of  not  leas  than  one* 
eighth.  When  weights  are  tested  by  lifting  with  the  hand, 
the  appreciation  of  slight  differences  is  more  dellcxite  when 
the  weights  are  snccessively  tested  with  the  same  hand  than 
when  two  weights  are  placed,  one  on  either  hand.  "When 
the  interval  between  the  two  trials  amounts  to  more  than 
forty  seconds,  slight  differences  in  weight,  for  example,  the 
difference  between  fourteen  and  a  half  and  fifteen  ounces, 
innot  be  accurately  appreeiHted-  In  snch  trials,  it  is  neces- 
iry  to  have  the  metals  used  of  the  same  temperature,  for 
cold  metals  seem  heavier  than  warm, 

The^  observations  formnlarized  some  of  the  f act^,  suffi- 
ciently evident  to  every  one,  relating  to  the  appreciation  of 
slight  differences  in  weight.  It  is  well  known  that  experts 
acquire,  in  this  regard,  wonderful  delicacy  and  accuracy. 
Those  who  are  in  tlie  daily  habit  of  handling  coins  not  only 
count  with  astonishing  rapidity,  but  are  able  to  detect  and 
throw  out  a  light  piece  instantly  and  with  imerring  certainty. 

Sense  of  Tou^jh. 

We  have  already  considered,  in  the  volume  on  the  ner- 
[Tous  system,  the  modes  of  termination  of  the  sensory  nerves ;  * 
ad,  in  many  instances,  it  is  po8sil>]e  to  explain,  by  the  ana- 
tomical characters  of  the  nerves,  the  great  differences  that 
ftve  been  observed  in  the  delicacy  of  the  tactile  sensibility 
different  parts;  differences  which  are  exceedingly  impor- 
tant, pathologically  as  well  as  pliysiologically,  and  which 
have  been  studied  by  Weber,  Valentin,  and  others^  with  great 
minuteness. 


Variations  in  the  Tactile  Sefi^ihility  in  differmd  Parts. 
— ^In  certain  parts  of  the  cutaneous  siu^ace,  the  general  sen- 
libility  is  much  more  jicute  than  in  others.  For  example,  a 
sharp  blow  upon  the  face  is  more  painful  than  a  similar  in- 
jury to  other  parts ;  and  the  eye,  as  is  well  known,  is  most 
'  See  Tol  IV.,  KerroQs  System,  p.  86,  d  ae^. 


18  SPECIAL   SENSES. 

exquisitely  sensitive.  The  appreciation  of  temperature  also 
varies  in  different  parts,  this  probably  depending  to  a  great  ex- 
tent upon  habitual  exposure.  Some  parts,  as  the  soles  of  the 
feet  or  the  axilla,  are  peculiarly  sensitive  to  titillation.  The 
sense  of  touch,  however,  by  which  we  appreciate  the  size, 
form,  character  of  the  surface,  consistence,  etc.,  of  objects,  is 
developed  to  a  greater  degree  in  some  parts  than  in  others ;  a 
fact  which  can  be  very  readily  explained,  in  some  instances, 
by  the  anatomical  arrangements  of  the  peripheral  sensory 
nerves.  When  we  wish  to  ascertain  those  properties  of  ob- 
jects revealed  by  the  sense  of  touch,  we  generally  employ 
the  fingers.  ThiB  sense  is  capable  of  education,  and  is  al- 
most always  extraordinarily  developed  in  persons  who  are 
deprived  of  other  special  senses,  as  sight  or  hearing.  The 
blind  learn  to  recognize  individuals  by  feeling  of  the  face. 
A  remarkable  instance  of  this  is  quoted  in  works  on  physi- 
ology, of  the  blind  sculptor,  Giovanni  Gonelli,  who  was  said 
to  model  the  most  striking  likenesses  entirely  by  the  sense  of 
touch.  Other  instances  of  this  kind  are  on  record.  The 
blind  have  been  known  to  become  proficients  in  conchology 
and  botany,  guided  simply  by  the  sense  of  touch.  It  is  re- 
lated of  a  blind  botanist,  that  he  was  able  to  distinguish  or- 
dinary plants  by  the  fingers  and  by  the  tip  of  the  tongue.  It 
is  well  known  that  the  blind  learn  to  read  with  perfect  facility, 
by  passing  the  fingers  over  raised  letters  but  little  larger 
than  the  letters  in  an  ordinary  folio  Bible.'  Budolphi  cites 
the  remarkable  faculty  acquired  by  Baczko,  of  distinguisliing 
the  colors  of  fabrics  by  the  sense  of  touch  alone.* 

An  exceedingly  ingenious  and  accurate  method  of  deter- 
mining the  relative  delicacy  of  the  tactile  sensibility  of  dif- 
ferent portions  of  the  cutaneous  surface  was  devised  a  num- 
ber of  years  ago  (1829)  by  E.  H.  TTeber,  whose  researches  on 
this  subject,  which  have  been  repeatedly  confirmed  by  other 

>  Cabpekter,  Cydopadia  of  Anatomy  and  Phytiology^  London,  1849-1862, 
▼oL  iv.,  part  il,  p.  1179,  «/  wy.,  Article,  Touch, 

*  Budolphi,  Orundiu  der  Phytiologie,  Berlin,  1828,  Bd.  ii.,  S.  86. 
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re(r%  we  still  the  most  careful  and  reliable  on  record.' 
i  method  conskta  in  the  application  to  the  skin  of  two 
fine,  but  blunt  points,  separated  from  each  other  by  a  known 
distance.  The  individual  experimented  upon  should  be  blind- 
folded, and  the  points  applied  to  the  skin  simultaneously. 
By  carefully  adjusting  the  distance  between  the  points,  a 
limit  will  be  reached  where  the  two  impressions  upon  the 
surface  are  appreciated  as  one ;  i*  e,^  by  gradually  approxi- 
mating them,  the  subject  will  suddenly  feel  both  points  aa 
one,  when,  an  instant  before,  with  the  points  a  little  farther 
removed  from  each  other,  he  distinctly  felt  two  impressions. 
This  gives  a  very  accurate  measure  of  the  delicacy  of  the 
tactile,  as  distingrdshe^i  from  the  general  sensibility  of  dif- 
ferent paiis,  and  it  has  lately  been  foimd  a  most  important 
guide  in  the  investigation  of  diseases  of  the  nervous  system 
attended  with  partial  anaesthesia  of  the  surface.  Of  course, 
the  instrument  used  may  be  very  simple  (a  pair  of  ordinary 
dividers  will  answer),  but  it  is  convenient  to  have  some  ready 
means  of  ascertaining  the  distances  between  the  points. 
In  instniment,  c^^nsisting  simply  of  a  pair  of  dividers,  with 
gnwlnated  bar  giving  a  measure  of  the  separation  of  the 
points,  is  the  beet,  as  it  combines  simplicity,  convenience  of 
use,  and  portability.*  Tliis  instrument  is  called  the  aasthe- 
eioraeter. 

The  experiments  of  Weber  were  made  upon  his  own  per- 
son, and  of  coarse  do  not  show  the  variations  that  may  occur 
in  different  individuals  in  health,  a  point  of  considerable  im- 
portance in  estimating  the  extent  of  anaesthesia  in  disease. 
His  observations  also  showed  some  slight  variations  with  the 
^direction  of  the  line  of  the  two  points,  but  these  ai*e  not 
aportant.  Valentin  repeated  the  experiments  of  Weber, 
Mid,  in  addition,  took  the  maximum,  minimum,  and  mean,  in 

'  Wkbkr,  Orisinn  m  dtr  ITaut^  In  Wagttxb,  HoMyiitBHierbuth  der  Fh^iohffie^ 
BrBundchweigf  1846,  Bd.  lllfZweite  Abtbeilung,  R  6S4,  ti  teq. 

*  The  infltmineiit  described  above  ia  made  bf  Heaatt,  G.  T!ein«nn  &  Co.,  of 
Kew  Tork. 
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six  persons.^  Aside  from  these  observations,  the  repetition 
of  Weber's  experiments  has  done  little  more  than  confirm 
the  original  facts."  The  table  upon  the  next  i>age,  taken 
from  the  article  in  the  CydojKBdia  of  AruUomy  and  Physir 
dlogyy  which  we  have  already  quoted,  gives  the  results  ob- 
tained by  Weber  and  by  Valentin.' 

If  we  note  the  distribution  of  the  tactile  corpuscles  in 
connection  with  this  table,  it  will  be  seen  that  the  sense 
of  touch  is  most  acute  in  those  situations  in  which  the  cor- 
puscles are  most  abundant.  In  the  space  of  about  one-fiftieth 
of  a  square  inch  on  the  palmar  surface  of  the  third  phalanx 
of  the  index-finger,  Meissner  counted  the  greatest  number  of 
corpuscles ;  viz.,  one  hundred  and  eight.*  In  this  situation, 
the  tactile  sensibility  is  more  acute  than  in  any  other  part  of 
the  skin,  the  mean  distance  indicated  by  the  sesthesiometer  be- 
ing 0-603  of  a  line.  In  the  same  space  on  the  second  phalanx, 
forty  corpuscles  were  counted,  the  ©sthesiometer  marking 
1-558  line,  this  part  ranking  next  in  tactile  sensibility  after 
the  red  surface  of  the  lips. 

We  can  readily  understand  how  the  hard  tactile  corpus- 
cles, embedded  in  the  amorphous  substance  of  the  cutaneous 
papillse,  might  increase  the  power  of  appreciation  of  delicate 
impressions. 

As  regards  the  general  cutaneous  surface  in  which  no 
tactile  corpuscles  have  been  demonstrated,  it  is  not  easy  to 
connect  the  variations  in  the  tactile  sensibility  with  the  ner- 
vous distribution,  as  we  know  little  or  nothing  of  the  com- 
parative richness  of  the  terminal  nervous  filaments  in  these 
situations. 

'  Valxntin,  Phyticlogie  det  MeMchm^  Braunschweig,  1844,  Bd.  ii.,  S.  668. 

■  The  above  remark  applies  to  a  recent  publication  by  Vierordt,  on  the 
causes  of  the  different  development  of  the  sense  of  locality  of  the  skin  (Archiv 
fur  dU  genammU  Phytioloffie^  Bonn,  1870,  Bd.  ii.,  S.  297).  In  this  article,  it  is 
proposed  to  show  that  the  tactile  sensibility  of  the  skin  is  acute  in  proportion 
to  the  mobility  of  the  parts  which  it  covers. 

•  Carpekteb,  cp.  cit.^  vol  iv.,  part  ii.,  p.  1169. 

*  See  vol  ir.,  Nervous  System,  p.  40. 
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TitiUoMon. — The  sensation  experienced  when  certain  parts 
of  the  general  surface  are  subjected  to  titillation  cannot  easily 
be  described,  though  it  is  sufficiently  familiar.  This  sensa- 
tion is  simply  due  to  delicate  impressions  made  in  unusuai 
situations,  and  is  remarkable  chiefly  on  account  of  the  reflex 
movements  which  it  occasions.  If  the  soles  of  the  feet  be 
tickled,  it  is  almost  impossible  to  avoid  movements  of  the 
limbs.  These  are  not  due  entirely  to  the  peculiar  sensation 
appreciated  by  the  brain,  for  the  same  stimulus,  in  persons 
suif ering  from  complete  paralysis  of  sensation  and  voluntary 
motion  of  the  lower  extremities,  may  produce  even  violent 
action  of  the  paralyzed  muscles.  These  phenomena  have  been 
fully  described  in  connection  with  reflex  action.  There  are 
no  facts,  experimental  or  clinical,  showing  that  the  peculiar 
sense  of  titillation  is  conveyed  to  the  encephalon  by  nerve- 
fibres  other  than  those  of  general  sensibility.  The  peculiar 
nature  of  the  sensation  is  due  to  the  unusual  character  of  the 
impression,  and  does  not  involve  the  action  of  special  nerve- 
fibres  as  conductors. 

Appreci<Uiaji  of  TempercU/are. — It  is  not  known  that  the 
sense  of  temperature,  either  of  the  surrounding  medium  or  of 
bodies  applied  to  different  parts  of  the  skin,  is  appreciated 
through  any  other  nerves  than  those  of  general  sensibility, 
or  that  there  is  any  special  arrangement  of  the  terminations 
of  certain  of  the  nerves  connected  with  this  sense.  As  re- 
gards the  general  temperature,  the  sense  is  relative,  and  is 
much  modified  by  habit.  This  statement  needs  no  explana- 
tion. As  is  well  known,  what  is  cold  for  an  inhabitant  of  the 
torrid  zone  would  be  warm  for  one  accustomed  to  an  exces- 
sively cold  climate.*  Habitual  exposure  also  modifies  the 
sense  of  temperature.  Many  persons  not  in  the  habit  of  dress- 
ing warmly  suffer  but  little  in  extremely  cold  weather.   Those 

1  We  do  not  take  into  account,  in  this  connection,  the  remarkable  fact,  that 
Inhabitants  of  warm  climates,  for  a  certain  time,  may  bear  long>continued  ex- 
posure to  cold  better  than  those  accustomed  to  a  lower  temperature. 
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who  habitually  expose  the  hands,  or  even  the  feet,  to  cold,  ren- 
der these  partd  quite  insensible  to  temperature;  and  the  game 
is  true  for  those  who  often  expose  the  hands,  face,  etc,,  to  heat. 
The  variations  in  the  sensibility  of  different  parts  of  the 
gnrface  to  temperature  depend,  as  we  have  just  indicated, 
to  a  great  extent,  upon  habit,  exposure,  etc.,  but  also  upon 
special  properties  of  the  parts  themselves.  The  diffei-ences, 
however,  are  not  so  marked  as  to  be  of  any  great  importance, 
and  the  experiments  made  upon  this  point  are  simply  curious. 
It  id  remarkablej  however,  to  note  the  exquisite  sensibility  to 
variations  in  temperature  sometimes  presented  by  those  who 
are  deprived  of  other  senses.  The  example  is  quoted  by 
Dunglison,  of  Dr.  Saunderson,  formerly  Professor  of  Mathe- 
niatics  at  Cambridge,  England,  who,  "  when  some  of  his  pu- 
pils were  engaged  in  taking  the  altitude  of  the  sun,  coiJd 
tell,  by  the  slight  modification  in  the  temperature  of  the  air, 
when  very  light  clouds  were  passing  over  the  sun's  disk."  * 

The  experiments  of  Weber  show  conclusively  that  the 
skin  IS  the  main  organ  for  the  appreciation  of  temperature,  if 
we  except  the  mouth,  palate,  vagina,  and  rectum,  by  which 
the  difference  between  warm  and  cold  substances  is  readily  dis- 
tinguishe<i.  In  several  instances  in  which  large  portions  of 
the  skin  were  destroyed  by  bums  and  other  injuries,  experi- 
ments have  been  made  by  applying  spatulas  of  different  tem- 
jMsratures.  At  one  time  a  spatula  plunged  in  water  at  from 
48^  to  55°  Fahr.  was  applied  tx)  a  denuded  surface,  and  again, 
a  epatida  at  from  113^  to  122*^  Fahr.  When  the  patient  was 
requested  to  tell  which  was  the  warmer,  the  answers  were  as 

.frequently  incorrect  as  they  were  correct;  but  the  discrimina- 
tion was  easy  and  certain  when  the  applications  were  made 
to  tlie  snrroimding  healthy  skin.    When  appUeations  at  a 

L  Jiigher  temperature  were  made  to  the  denuded  part,  the  pap 

itient  suffered  only  pain,' 

*  DrsiGLnox,  ffuman  Ph^Hdogif,  PhlladelphU,  I85d,  vol.  l,  p.  ©97. 

•  Wnwa,  J>*r  TmUii^n  und  diu  Gmmnffeftihl,  m  Waotteii,  ffandtoiiritrifiteh 
dir  Pk^tiokffUi.  BnUDdchweig,  1846,  Ed.  til.,  Zweite  Abtbalung,  a  518. 
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The  venereal  sense,  which  we  shall  not  attempt  to  de- 
scribe, is  nnlike  any  other  sensation,  and  is  general,  as  well 
as  referable  to  the  organs  of  generation.  In  this  connection, 
however,  it  is  interesting  to  note  that  the  tactile  sensibility 
of  the  palmar  surface  of  the  third  phalanx  of  the  fingers, 
measured  by  the  aesthesiometer,  compared  with  the  sensi- 
bility of  the  penis,  is  as  0-802  to  0*034,  or  between  twenty- 
three  and  twenty-f  onr  times  greater. 


CHAPTER  n. 

OLFACTOBY  NERVES — OLFACHON. 

Nasal  fosssB— Schneiderian  and  olfactory  membrane— Physiological  anatomy  of 
the  olfactory  nerves — Olfactory  bulbs — Olfactory  cells  and  terminations  of  the 
olfactory  nerre-fibres — ^Properties  and  functions  of  the  olfactory  nerves — 
Cases  of  anosmia  in  the  human  subject — ^Mbchanism  of  olfaction — ^Relations 
of  olfaction  to  the  sense  of  taste— Reflex  acts  through  the  olfactory  nerves. 

The  nerves  directly  connected  with  the  senses  of  oKac- 
tion,  vision,  and  andition,  are  but  slightly,  if  at  all,  endowed 
with  general  sensibility.  As  regards  the  olfactory  nerves,  the 
parts  to  which  they  are  distributed  are  so  fully  supplied  with 
branches  from  the  fifth,  that  it  is  difficult  to  determine  the 
fact  of  their  sensibility  or  insensibility  to  ordinary  impres- 
sions. These  nerves,  however,  are  distributed  to  the  mucous 
membrane  of  that  portion  of  the  nasal  cavity  endowed  with 
the  special  sense  of  smell.  Before  taking  up  their  physiolo- 
gical anatomy,  we  shall  describe  briefly  the  parts  to  which  the 
olfactory  sense  is  probably  confined. 

Nasal  Fo%B(B. — The  two  irregularly-shaped  cavities  in  the 
middle  of  the  face,  opening  in  front  by  the  anterior  nares 
and  connected  with  the  pharynx  by  the  posterior  nares,  are 
called  the  nasal  f  ossse.  The  membrane  lining  these  cavities 
is  generally  called  the  Schneiderian  mucous  membrane,^  and 
sometimes,  particularly  by  the  French,  the  pituitary  mem- 

'  Some  authors  distinguish  the  olfactory  membrane,  lining  the  upper  part  of 
the  nasal  fosss,  from  the  rest,  calling  the  membrane  lining  those  parts  not  en- 
dowed with  the  sense  of  smell,  the  Schneiderian  membrane.  (EdLLiKSR,  Hand" 
hwh  der  OtwebeUhre^  Leipzig,  1867,  S.  741.)  Most  writers,  however,  apply  the 
term  Schneiderian  membrane  to  the  general  lining  membrane  of  the  fosses. 
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brane.  This  membrane  is  closely  adherent  to  the  fibrous  cov- 
erings of  the  bones  and  cartils^ges  bj  which  the  nasal  f ossse 
are  bounded,  and  is  thickest  over  the  turbinated  bones.  It  is 
continuous  with  the  membrane  lining  the  pharynx,  the  nasal 
duct  and  lachrymal  canals,  the  Eustachian  tube,  the  frontal, 
ethmoidal,  and  sphenoidal  sinuses,  and  the  antrum.  There 
are  openings  leading  from  the  nasal  fosssB  to  all  of  these 
cavities. 

The  essential  organ  of  olfaction  is  the  mucous  membrane 
lining  the  upper  half  of  the  nasal  fossae.  Not  only  has  it 
been  shown  anatomically  that  this  part  only  of  the  membrane 
receives  the  terminal  filaments  of  the  olfactory  nerves,  but 
physiological  experiments  have  demonstrated  that  it  is  the 
only  part  capable  of  receiving  odorous  impressions.  If  a  tube 
be  introduced  into  the  nostril,  placed  horizontally  over  an 
odorous  substance  so  that  the  emanations  cannot  penetrate  its 
caliber,  no  odor  is  perceived,  though  the  parts  below  the  end 
of  the  tube  might  receive  the  emanations ;  but,  if  the  tube  be 
now  directed  toward  the  odorous  substance,  so  that  the  ema- 
nations can  penetrate  to  the  upper  portion  of  the  nares,  the 
odor  is  immediately  appreciated.' 

That  portion  of  the  lining  of  the  nasal  fossse  properly 
called  the  olfactory  membrane  extends  from  the  cribriform 
plate  of  the  ethmoid  bone  downwai*d  a  little  less  than  an  inch. 
It  is  exceedingly  soft  and  friable,  very  vascular,  thicker  than 
the  rest  of  the  Schneiderian  membrane,  and,  in  man,  has 
rather  a  yellowish  color.  It  is  covered  by  long,  delicate,  co- 
lumnar cells,  nucleated,  each  one  provided  witii  from  three 
to  eight  ciliary  processes,  their  movement  being  from  before 
backward.*  The  existence  of  cilia  in  this  situation  has  been 
denied  by  some  observers.*  The  mucous  glands  of  the  olfac- 
tory membrane  are  numerous,  long,  and  racemose.*    They 

'  LoNOET,  TraUe  de  phyndogie^  Paris,  1869,  tome  iii.,  p.  45. 
■  Sappkt,  TraiU  tPanatomie,  Paris,  1871,  tome  iii.,  p.  654. 

*  KoLLiKER,  Handtmch  der  Qew^Mehrt^  Leipzig,  1867,  S.  741. 

*  Sappkt,  he,  ciL 
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fZfejrrte  a  fluid  wMdi  keeps  tlie  sorface  moiBt,  a  eonditiou  es- 
eential  tu  the  accurate  perception  of  odorous  impressions, 

Phijdological  AnaU/my  of  the  Olfactm^y  Nerves. — The 

^lippuretit  origin  of  the  olfactory  nerve  is  by  three  roots,  from 

;  the  inferior  and  internal  portion  of  the  anterior  lobe  of  the 
cserebrum,  in  front  of  the  anterior  perforated  space.  The  three 
roots  are  an  external  and  an  internal  white  root,  and  a  middle 
root  compoBed  of  gray  matter.  The  external  white  root  ie 
long  and  delicate,  passing  outward  across  the  fissure  of  Syl- 
Tius  to  the  middle  lobe  of  the  eerebnmi.     The  internal  white 

fioot  is  thicker  and  6horter  than  the  external  root,  and  arises 
from  the  most  posterior  portion  of  the  anterior  lobe.     The 
liddle,  or  gray  r(:M)t,  arises  from  a  little  eminence  of  gray 

'jnatter  situated  on  the  posterior  and  inner  portion  of  the  in- 
ferior surface  of  the  anterior  lol>e. 

Tlie  deep  origin  of  these  three  roots  is  stUl  a  matter  of 
diBCUjseion.  The  external  root  is  stated  by  various  anatomists 
to  originate  from  the  corpus  striatniUj  the  optic  thalamus,  tlie 
anterior  commissure,  Jind  the  island  of  Reil ;  but  researches 
upon  this  point  have  been  by  no  means  satisfactory.  The 
same  uncertainty  exists  with  regard  to  the  deep  origin  of  tlie 
internal  white  root  and  the  gray  root. 

The  three  roots  of  the  olfactory  converge  to  form  a  sin- 
gle nervous  cord  at  the  inner  boundary  of  the  fissure  of  Syl- 
vius, This  passes  forward  and  slightly  inwai'd  in  a  deep 
groove  between  two  convolutions  on  the  under  surface  of  the 
ttnterior  lobe,  covered  by  the  arachnoid  membrane,  to  the 
etiimoid  bone.  This  portion  of  the  nerve  is  exceedingly  soft 
and  friable.  It  is  composed  of  both  white  and  gi'ay  matter, 
the  proportions  being  about  two-thirds  of  the  former  to  one- 
third  of  the  latter.  The  gray  substance,  derived  from  the 
gray  root,  is  situated  at  the  upper  portion  of  the  nerve,  the 
white  substance  occupying  the  inferior  and  lateral  portions. 

By  the  side  of  the  crista  galli  of  the  ethmoid  bone,  the 
nenre-trunk  expands  into  an  oblong  ganglion^  called  the  olf  ao- 
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tory  bulb.  This  is  grayish  in  color,  excessively  soft,  and  con- 
tains the  ordinary  ganglionic  elements.  From  the  olfactory 
bulb,  from  fifteen  to  eighteen  nervous  filaments  are  given  off, 
which  pass  through  the  foramina  in  the  cribriform  plate  of 
the  ethmoid.  These  filaments  are  composed  entirely  of  nerve- 
fibres  and  are  quite  resisting,  owing  to  fibrous  elements  pro- 
longed from  the  dura  mater.  It  is  strictly  proper,  perhaps,  to 
regard  these  as  the  true  olfactory  nerves,  the  cord  leading  from 
the  olfactory  bulb  to  the  cerebrum  being  more  properly  a  com- 
missure. Having  passed  through 
the  cribriform  plate,  the  olfac- 
tory nerves  are  distributed  to  the 
olfactory  membrane  in  three 
groups ;  an  inner  group,  distrib- 
uted to  the  mucous  membrane  of 
the  upper  third  of  the  septum ; 
a  middle  group,  to  the  upper  por- 
tion of  the  nasal  fossae ;  and  an 
outer  group,  to  the  mucous  mem- 
brane covering  the  superior  and 
middle  turbinated  bones  and  a 
portion  of  the  ethmoid. 

The  mode  of  termination  of 
the  olfactory  nerves  differs  from 
that  of  the  ordinary  sensory 
nerves,  and  is  peculiar  and  char- 
acteristic, as  it  is  in  the  other 
organs  of  special  sense.  Accord- 
ing to  the  observations  of  Eckhard  and  Schultze,  confirmed 
by  KoUiker,*  the  olfactory  mucous  membrane  contains  pecul- 
iar terminal  nerve-cells,  called  the  olfactory  cells,  which  are 
placed  between  the  cells  of  epithelium.  These  are  long,  deli- 
cate, spindle-shaped  structures,  varicose,  each  one  containing 
a  clear,  round  nucleus.  The  appearance  of  these,  which  are 
considered  as  the  true  olfactory  organs,  is  represented  in  Fig. 

1  KdLLim,  ffandbuch  der  Gewebeiehre,  Ldpzig,  1867,  S.  748. 


1.  From  the  froff.— a,  epithelial  cells  of  the 
oUketory  region ;  ft,  oUkctory  cells.  2. 
Small  ln«nch  of  the  oUkctory  nerve  of 
the  fro^.  separatlnfr  at  one  end  into  a 
brasher  raricose fibrils.  8.  OUhctory 
cell  of  the  sheep.  Macrnified  850  diame- 
ters. (KOlliker,  ffandbueh  dtr  Gt- 
weUUhre,  Letpifg,  1987,  B.  T48.) 
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L  In  the  frog,  there  is  a  fine,  hair-like  process  projecting 
^m  each  cell  beyond  the  mucoiiB  membrane,  wliich  htis  not 
en  observed  in  man  or  the  mammidia.     The  great  delicacy 

of  the  gtrncttiree  entering  into  the  composition  of  the  olfac- 
^tory  membrane  renders  the  investigation  of  the  termination 
its  nervoud  filiiments  exceedingly  difficult- 

Properties  and  Fun^^iom  of  the  Olfaetori/  Nerves. — ^It 

is  almost  certain  that  the  olfactory  ner\^es  possess  none  of 
the  general  properties  of  the  ordinary  nerves  belonging  to 
the  cerebro-spinal  system,  but  that  they  are  endowed  with 
the  special  sense  of  smell  alone*  As  far  as  we  know,  no 
one  has  exposed  and  operated  npon  the  filaments  coming 
from  the  olfactorj"  bulbs  and  distributed  to  the  pituitary 
membrane  in  living  animals;  but  the  experiments  of  Ma- 
gendie  upon  the  nerves  behind  the  olfactory  bulbs  show 
that  they  are  entirely  insensible  to  ordinaiy  impressions. 
Magendie,  it  is  true,  denied  that  the  olfactory  nerves  had  any 
connection  with  the  sense  of  smell,  an  opinion  entirely  un- 
tenable and  contradicted  by  numerous  experiments  and  path- 
ological obsen^ations ;  but  his  experiments  showing  the  insen- 
sibility of  the  nerves  to  ordinary  impressions  were  entirely 
conclusive  J  Attempts  have  been  made  to  demonstrate,  in 
the  human  subjectj  the  special  properties  of  these  nerves,  by 
passing  a  galvanic  current  through  the  nostrils ;  but  the  situ- 
ion  of  the  nerves  is  such  that  these  observations  are  of  ne- 
sity  indefinite  and  unsatisfactory.*  On  one  or  two  occa* 
sions,  in  witnessing  surgical  operations  upon  the  upper  part 
f *388ffi»  we  have  been  struck  with  the  exceedingly 
< J  ty  oi  its  raucous  membrane* 

The  question  as  to  whether  or  not  the  olfactory  nerves 
endow  the  merabmne  of  the  nasal  fossae  with  the  sense  of 
smell  lianlly  demands  discussion  at  the  present  day.     It  must 

Jmirmil  th  fthimolorfir,  Paris,  1824,  tome  it.,  p,  1G9, 
"^  *1(mft,  Eltfiriciii/  in  it*  Rtlatwm  t<y  Prmtiml  Medidm^  New  Yorl^  18S9, 

pfn. 
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be  evident  to  any  one  wbo  reads  the  experiments  of  Magen- 
die,  in  which  he  attempted  to  show  that  the  sense  of  smell 
was  retained  after  di\dsion  of  these  nerres,  that  he  confused 
the  general  sensibility  of  the  parts  with  the  peculiar  impre^ 
sions  of  odors ;  and  the  cases,  especially  the  one  reported  by 
BeniartI,  in  the  hnman  snbject,  in  which  it  was  Bnpposed 
that  the  olfactoiy  sense  existed,  notwithstanding  congenital 
absence  of  the  olfactory  nerves  and  bulbs/  are  by  no  means 
satief actory,  in  view  of  the  numerous  instances  in  which  pre- 
cisely the  opposite  has  been  observed. 

The  more  recent  experiments  upon  animals  are  entirely 
eonclusive  as  regards  the  effects  of  division  of  the  olfactory 
nerves,  Eschricht  published,  in  1826,  a  curious  experiment 
in  contradiction  to  one  of  the  observations  of  Magendie,  He 
extirpated,  in  a  toad,  the  cerebral  hemispheres  and  the  olfac^ 
tory  bulb  and  nerves.  Ujxjn  applying  liquor  ammonise  to 
the  nostrils  of  the  animal,  it  drew  back,  moved  the  head  and 
rubbed  its  nose  with  the  fore-feet ;  movements  which  had  led 
Magendie,  in  similar  experiments,  to  conclude  that  the  sense 
of  smell  was  not  destroyed,  Eschricht,  in  repeating  this  ex- 
periment,  applied  the  ammonia  to  the  anus.  The  animal 
then  moved  forward,  contract^^d  the  sphincter  repeatedly,  and 
rubbed  the  jinus  with  its  feet  (*^  prorsum  animal  procun^ebat, 
celerrimus  erat  sphincteris  motus  et  quomodo  anterior  pes 
antea  nasnm,  ita  posterior  anum  palpabat ").'  If  the  first  ex- 
periment of  Magendie  showed  that  the  sense  of  smell  was 
retained,  the  experiment  of  Eschricht  would  equally  show 
that  the  mucous  membrane  of  the  anus  of  the  animal  operated 
upon  was  endowed  with  olfactory  sensibility. 

Among  the  numerous  experiments  upon  the  higher  orders 
of  animals,  in  which  the  olfactory  nerves  have  been  divided, 
we  may  cite,  as  open  to  no  objections,  those  of  Vulpian  and 
Philipaux,  on  dogs.     It  is  well  known  that  the  sense  of  smell 

'  Bkhkaad^  8^thw  mmrvfux^  Parij,  186S,  tome  ii,,  p.  22^, 
'  Ebcbiuciit,  J)§  J^lmthm^u^  primi  et  quinti  Parit  Nrrwrum  in  olfaeipri$ 
OrfoM  pr&priiM. — Jtsmrml  de pKjftiolo^t,  PanS)  1S2G,  tome  vt,  p.  d&O,  notflu 
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is  nsnally  very  acnte  in  these  animaU.  Upon  di riding  or  ex- 
tirpating the  olfactory  bulbs,  **  after  the  animal  had  com- 
pletely recoveredj  it  was  deprived  of  food  for  thirty-six  or 
forty-eight  hours ;  then,  in  its  absence,  a  piece  of  cooked 
meat  was  concealed  in  a  comer  of  the  laboratory.  Animals, 
successfully  operated  upon,  then  taken  into  the  laboratory, 
never  found  the  bait ;  and  neverthelessj  care  had  been  taken 
to  select  hnntingniogs,"  '  This  experiment  is  absolutely  con- 
dnsive ;  more  so  tliau  those  in  which  animals  deprived  of  the 
olfactory  bulbs  were  shown  to  eat  fjeees  witliout  diBgust,"  for 
this  sometimes  occurs  in  dogs  that  have  not  been  mutilated. 

Comparative  anatomy  shows  that  the  olfactory  bulbs  aro 
generally  developed  in  proportion  to  the  acuteness  of  the  sense 
of  smell  Pathological  facts  also  show,  in  the  human  subject, 
that  impairment  or  loss  of  the  olfactory  sense  is  coinci- 
dent with  injury  or  destruction  of  these  ganglia.  A  large 
number  of  cascs  observed  by  Schneider,  Koliinck,  Escbricht, 
Fahner,  Valentin,  Rosenmuller,  Cenitti,  and  Pi"e6sat,  l>e- 
tween  the  years  1600  and  1837,  are  cited  by  Longet,  in  his 
elaborate  treatise  on  the  nervous  system,  in  which  the  sense 
of  emell  was  lost  or  impaii-ed  from  injury  to  the  olfactory 
nerveB.*  A  ease,  reported  by  Hare,  in  1821,  showed  total 
loss  of  amell  from  a  disorder  of  the  bones  of  the  head.  In 
this  csaee,  an  examination  was  made  after  death  and  '^  the  eth- 
moid (sieve-like)  bone,  which  is  naturally  fumi8he<l  with  nu- 
merous minute  openings  for  the  transmission  of  brandies  of 

'  TrLPLLX,  Lefons  aur  la  phygtoloffie  gMride  d  eomparie  du  ftfBihtu  iMn?fvx^ 
Piirili.  1 8W,  p.  S82,  note. 

'  Scliifr,  in  n  Tery  interesting;  «eri«0  of  obBerrBlicma  od  dojj;*,  noted  thot 
thcic  wiimiilaf  deprived  of  the  olfiictorj  nerved,  would  drink  their  urine  and  eat 
food  mixed  with  thrir  f»ccs,  while  thi«  wm  not  observed  in  other  aulmald^  of  the 
mmt  HUer»  lh»t  had  not  been  operKted  ttpon*  The  eiperiroenta  were  made  with 
groil  cure  «nd  upon  youtif;  AiLimnls  ;  a.nd  the?  ahow  conehiAtvety  that  the  olfno- 
Unj  iwrrcfl  preaide  over  the  Ben»e  of  ainelU  (Scniir,  Der  eraif  Ilimnerv  iM  d^ 
Omtekmerv, —  Untm-wuchun^m  wur  NaturteKre,  ete.,  Oiewen,  iseo,  Bd.  vL,  S, 


*  LoscOKT,  An>^tomk  €i  phjftioi$ffk  du 


fwfWM*,  pAfb,  1842,  tome  It, 
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the  olfactory  nerves  to  the  nose,  was  altogether  condensed, 
and  its  openings  obliterated;  the  two  primordial  trunks  of 
the  olfactory  nerves,  instead  of  exhibiting  their  nsnal  ramifi- 
cations, being  suddenly  blunted  at  their  extensions  from 
the  substance  of  the  brain ;  plainly  showing,  that  all  their 
branches  essential  to  the  sense  of  smell  had  been  completely 
destroyed  by  the  diseased  bone." '  This  case  is  interesting  as 
shomng  complete  loss  of  smell  after  obliteration  of  the  fila- 
ments passing  through  the  cribriform  plate  of  the  ethmoid, 
to  which,  as  we  have  stated,  the  term  olfactory  nerves  prop- 
erly belongs. 

In  addition  to  the  instances  just  cited,  a  large  number  of 
cases  of  anosmia  have  been  lately  reported,  which  fully  con- 
firm the  view  that  the  olfactory  nerves  are  the  true  and  the 
only  nerves  of  smell.  Notta  gives  the  histories,  more  or  less 
complete,  of  twenty-four  cases  of  this  kind."  Dr.  Ogle  reports 
nine  cases.*  In  nearly  all  of  the  cases  on  record,  the  general 
sensibility  of  the  nostrils  was  not  affected.  In  1864,  we  had 
an  opportunity  of  examining  the  following  very  remarkable 
case  of  gunshot-wound  of  the  head,  in  which,  among  other 
injuries,  the  sense  of  smell  was  destroyed : 

The  patient  was  a  soldier,  twenty-three  years  of  age,  who 
was  shot  through  the  head  with  a  rifle-ball.  May  3,  1863. 
The  ball  entered  on  the  left  side,  IJ  inch  behind  and  f  of  an 
inch  below  the  outer  canthus  of  the  eye,  emerging  at  nearly 
the  corresponding  point  on  the  opposite  side.     Small  pieces 

^  Hare,  A  View  of  the  Structure^  Fundiont^  and  Dttorden  of  the  SUnnach 
oftd  Alimentary  Organs,  London,  1821,  p.  146. 

*  NoTTA,  Becherches  sur  la  perte  de  Vodorat. — Archives  ginhales  de  nUdecUUy 
Paris,  Avril,  1870,  p.  886. 

'  OoLE,  Anosmia  ;  or  Cases  illustrating  the  Physiology  and  Pathology  of  the 
Sense  of  Smell. — Medico- Chirurgical  Transactions,  London,  1870,  Second  Series, 
vol  xxxvii.,  p.  268.  In  his  remarks  upon  the  physiology  of  olfaction,  Dr.  O^e 
advances  the  hypothesis  that  the  sense  of  smell  is  acute  in  proportion  to  the 
development  of  pigment  He  cites  the  remarks  of  Darwin  on  ita  absence  or 
impairment  in  albino  animals,  the  extraordinary  development  of  the  sense  in 
certain  of  the  dark-skinned  races,  etc. ;  but  the  facts  adduced  seem  hardly  Buffi- 
Ment  to  warrant  the  adoption  of  such  a  theory. 
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of  bone  were  discharged  from  time  to  time  for  three  months. 
from  openingd  in  the  posterior  nares  and  the  throat.  Ho 
WA0  examined  May  10,  1864 ;  when  the  wounds  had  healed, 
with  falling  in  of  the  face  over  the  left  malar  and  nasal 
bones.  He  had  then  entirely  lost  the  power  of  distingnisb- 
ing  odors.  Upon  applying  acetic  acid  to  the  nostrils,  he 
stated  that  he  felt  a  prickling  sensation,  but  no  odor.  Dilute 
uonia  produced  a  warm  sensation.  Chloroform  gave  no 
BDsation.  He  had  no  sensation  from  the  emanations  of 
flowere,  There  was  loss  of  general  eensibility  of  the  nasal 
mucous  membrane  on  the  left  side,  with  diminished  sensibility 
on  the  right  side*  He  had  a  sensation,  not  very  defiuite, 
when  in  water-closets,  where  (aa  he  was  told)  the  odor  was 

|irery  offensive,  but  experienced  no  sensation  unless  the  ema- 
ations  weixs  very  powerful.     Before  entering  the  army,  he 

#1Q»B  photographer  by  trade,  and  was  familiar  with  the  odors 
of  acetic  acid  and  ammonia.  In  tliis  case,  it  is  almost  certain 
that  the  olfactory  nerves  had  been  divided,  though  other  in- 
juries undoubtedly  existed. 

Mechanmn  of  Olfaction. 

There  can  be  no  doubt  at  the  i>rescnt  day  with  riogard  to 
be  mechanism  of  the  sense  of  smell.  Substances  endowed 
rith  odonjus  properties  give  off  material  emanations,  which 
must  come  in  contact  with  the  olfactory  membrane  Ijcfore 
their  peculiar  odor  is  appreciated*  Aa  we  have  seen,  this 
membrane  is  situated  high  up  in  the  nostrils,  is  peculiarly 
soft,  is  provided  with  numerous  glands,  by  the  secretions  of 
which  its  surface  is  kept  in  proper  condition,  and  possesses 
the  peculijir  nerve-terminations  of  the  olfactory  filaments. 

In  experimenting  upon  the  sense  of  smelU  it  lias  been 
foimd  quite  difficidt  to  draw  the  exac^t  line  of  distinction  be- 
tween impregsions  o{  general  sensibility  and  those  which  at^ 
tack  the  special  sense ;  or,  in  other  words,  between  irritat- 
JBlg  and  odorous  emanations.  Undoubtedly,  the  vapors  of 
aimiionia,  acetic  acid,  nitric  acid,  etc.,  posaess  irritating  prop- 
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erties  which  greatly  overshadow  their  odorous  qualities ;  and 
it  was  the  neglect  of  this  distinction  that  led  to  the  errors 
of  interpretation  in  the  observations  of  Magendie.  It  is  un- 
necessary, in  this  connection,  to  discuss  the  different  varieties 
of  odors  recognized  by  some  of  the  earlier  writers,  as  the 
fragrant,  aromatic,  fetid,  nauseous,  etc.,  distinctions  sufEi- 
ciently  evident  from  their  mere  enumeration ;  and  it  is  plain 
enough  that  there  are  emanations,  like  those  from  delicately- 
scented  flowers,  which  are  easily  recognizable  by  the  sense  of 
smell,  while  they  make  no  impression  upon  the  ordinary  sen- 
sory nerves.  The  very  marked  individual  differences  in  the 
delicacy  of  the  olfactory  organs  in  the  human  subject  and  in 
different  animals  is  an  evidence  of  this  fact.  Hunting-dogs 
recognize  odors  to  which  we  are  absolutely  insensible;  and 
certain  races  of  men  are  said  to  possess  a  wonderful  delicaqr 
of  the  sense  of  smell.  Like  all  of  the  other  special  senses, 
olfaction  may  be  cultivated  by  attention  and  practice ;  as  is 
exemplified  in  the  delicate  discrimination  of  wines,  qualities 
of  drugs,  etc.,  by  experts. 

After  what  we  have  said  concerning  the  situation  of  the 
true  olfactory  membrane  in  the  upper  part  of  the  nasal  f osssd 
and  the  necessity  of  particles  impinging  upon  this  membrane 
in  order  that  their  odorous  properties  may  be  appreciated,  it 
is  almost  unnecessary  to  state  that  the  passage  of  odorous 
emanations  to  this  membrane  by  inspiring  through  the  nos- 
trils is  essential  to  olfaction,  so  that  animals  or  men,  after  di- 
vision of  the  trachea,  being  unable  to  pass  the  air  through 
the  nostrils,  are  deprived  of  the  sense  of  smell.  The  act  of 
inhalation  through  the  nose,  when  we  wish  to  appreciate  a 
particular  odor,  is  an  illustration  of  the  mechanism  by  which 
the  odorous  particles  may  be  brought  at  will  in  contact  with 
the  olfactory  membrane.  A  very  curious  and  interesting  case 
illustrating  the  necessity  of  the  free  passage  of  air  through 
the  nostrils  is  detailed  by  Dr.  Ogle.  In  this  patient,  there 
was  adhesion  of  the  posterior  pillars  of  the  fauces  to  the  back 
of  the  pharynx,  so  that  no  air  could  pass  through  the  nasal 
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fosare.  "  Wliile  this  is  the  case  the  man  ia  completely  unable 
to  smell  or  to  distinguish  flavors,  though  he  can  gtill  perfectly 
recognize  true  tastes,  %iz.,  sweet,  salt,  acid,  bitter.  This  is 
his  usual  condition.  But  by  an  effort  he  is  able  momentarily 
to  open  the  passage  behind  the  velum,  and  when  he  does  this 
he  can  for  the  time  both  smell  and  recognize  flavoiis."  * 

It  is  a  curious  point  to  determine  whether  the  sense  of 
smell  be  affected  by  odors  passing  from  within  outward 
through  the  nasal  fossae.  Persons  who  have  offensive  emana- 
tions from  the  respiratory  organs  usually  are  not  aware,  from 
their  own  sensations,  of  any  disagreeable  odor.  This  fact  ia 
explahied  by  Longet  on  the  supposition  that  the  olfactory 
membrane  becomes  gradually  accustomed  to  the  odorous  im- 
pression, and  therefore  it  is  not  appreciated.  This  is  an  ap- 
parently satisfactory  explanation,  for  we  could  hardly  sup- 
pose that  the  direction  of  the  emanations,  provided  they  came 
in  contiict  with  the  membrane,  could  modify  their  effects* 
He  cites  a  case  of  cancer  of  the  stomach,  in  which  the  vom- 
ited matters  were  exceedingly  fetiiL  At  first,  the  patient, 
when  he  expired  the  gases  from  the  stomach  through  the 
nostrils,  perceived  a  disagreeable  odor  at  each  expiration  ;  but 
Uttlo  by  little  this  impression  disappeared/ 

Sd(Uion$  of  Olfactmn  to  tits  Sense  of  TasU. — The  rela- 
tionE  of  the  sense  of  smell  to  gustation  are  very  intimate.  In 
the  appreciation  of  delicate  shades  of  flavor,  it  is  well  known 
that  the  sense  of  olfaction  plays  so  important  a  part,  that  it 
can  hjirdly  be  separated  from  gustation.  The  common  prac- 
tice of  holding  the  nose  when  disagreeable  remedies  are  swal- 
lowed is  another  illustration  of  the  connection  between  the 
two  senses.  In  most  of  the  cases  of  anosmia  already  referred 
to,  reported  by  Notta  and  by  Ogle,  coincident  with  the  loss 
of  smell,  there  was  inability  to  difitinguish  delieato  flavors. 
The  patients  could  only  distinguish  by  the  taste,  sweet,  Balinei, 

*  OoLt,  Anotmia, — Mtdieo-Chirur^tal  Transactions^  Londoo,  1870,  p.  878» 

•  Losrott,  TVaiii  de  phijsiahffie^  Paris,  ISftd,  tome  8U.,  p.  49. 
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acid,  and  bitter  impressions.  In  four  of  the  cases  reported 
by  Notta,  there  was  complete  loss  of  the  sense  of  smell,  the 
sense  of  taste  remaining  perfect/  In  two  of  the  cases  re- 
ported by  Ogle,  the  same  fact  was  observed.*  In  three  of 
the  four  cases,  by  Notta,  the  anosmia  was  due,  in  two,  to 
polypus,  and  in  one  to  coryza.  In  one  case  it  was  traumatic, 
and  probably  due  to  injury  of  the  nerves.  In  one  of  the 
cases  reported  by  Ogle,  the  anosmia  was  due  to  double  facial 
paralysis,  and  in  one,  to  coryza. 

It  is  xmdoubtedly  true  that  we  lose  the  delicacy  of  the 
sense  of  taste  when  the  sense  of  smell  is  abolished.  The 
experiment  of  tasting  wines  blindfolded  and  with  the  nos- 
trils plugged,  and  the  partial  loss  of  taste  during  a  severe 
coryza,  are  sufficiently  familiar  illustrations  of  this  fact.  In 
the  great  majority  of  cases,  when  there  is  complete  anosmia, 
the  taste  is  sensibly  impaired ;  and  in  the  cases  just  referred 
to,  in  which  this  did  not  occur,  it  is  probable  that  the  savory 
emanations  passed  from  the  mouth  to  the  posterior  portion 
of  the  nasal  fossae,  and  that  here  the  mucous  membrane  was 
not  entirely  insensible  to  special  impressions.  This  explana- 
tion would  certainly  answer  for  the  case  in  which  the  anosmia 
was  due  to  facial  palsy. 

It  is  unnecessary,  in  this  connection,  to  describe  fully  the 
reflex  phenomena  which  follow  impressions  made  upon  the 
olfactory  membrane.  The  odor  of  certain  sapid  substances, 
under  favorable  conditions,  will  produce  an  abundant  secre- 
tion of  saliva  and  even  of  gastric  juice,  as  has  been  shown  by 
experiments  upon  animals."  Other  examples  of  the  effects  of 
odorous  impressions  of  various  kinds  are  sufficiently  familiar. 

'  NoTTA,  Archives  ghUralet,  Paris,  Avril,  1870. 

■  OoLK,  Medico-Chirurffieal  Trantactioni,  London,  1870. 

•  See  vol  iL,  Digestion,  p.  228. 
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0e&eirtl  oonsidendonB — FbyBiologieal  linAtotny  of  the  optic  nenrce — Geaerml 
propcrticfli  of  the  optic  nerves — Phyaioloffical  auatoiny  of  tbe  ejebnU — Di- 
■metert  of  the  ejeba.ll — Sclerotic  coat — Coniea — Mem  bra  tic  of  Dodc^imet, 
or  of  Demours — Ugiunentutn  iridis  pectinatum — Choroid  coat — Uvea — 
Ciliary  pn>ce8ses — Ciliary  muscle — IfIb — Caoal  of  Schlemm,  or  circukr 
TenouA  j?inu» — Pupillary  metnbraiie — Heliaa — Jacob^a  membrane — Crystal- 
line lens — Suspcnjory  ligament  of  the  leiifl — Zone  of  Zinn — Aqueous  humor 
— Chambers  of  tbe  eye — Vitreous  humor— Summary  of  Uie  anatomy  of  tbe 
globe. 

VwioH,  one  of  the  most  important  and  delicate  of  the 
special  genres,  involvesj  not  only  the  impressions  conveyed  by 
the  optic  nerves  to  the  brain,  but  the  action  of  accessory 
parts,  the  structure  of  wliich  is  exceedingly  complex.  The 
integrity  of  the^e  parts  is  absolutely  essential  to  perfect 
^vision ;  and  they  are  liable  to  be  injured  by  disease  or  other- 
in  a  great  variety  of  ways.  At  the  present  day,  the 
treatment  of  diseases  of  the  eye  is,  to  a  great  extent,  con- 
fined to  those  who  have  made  its  physiology  and  pathology  a 
q)ecial  study ;  and,  thanks  to  the  labors  of  Hchiiholtz,  Don- 
der8,  Von  Graefe,  and  a  host  of  other  writers,  ophthalmology 
fatJca  among  the  most  advanced  of  the  subdivisions  of  medi- 
cal science,  with  a  literature  exceedingly  fidl  and  exact. 

Probably  there  is  no  department  of  medicine,  in  which 
I  principle,  that  the  true  basis  of  pathology  is  a  thorough 
lowledge  of  anatomy  and  physiolog}',  is  more  completely 
carried  out  than  in  ophthalmologj'.  In  many  of  the  elaborate 
works  on  diseases  of  the  eye,  the  anatomy  of  the  parts  and 
the  physiology  of  vision  are  treated  of  very  minutely.    To 
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such  works,  those  specially  devoted  to  the  subject  will  refer; 
particularly  as,  in  such  treatises,  the  bearings  of  physiology 
upon  pathology  and  treatment  are  fully  considered.  Our  sec- 
tion on  the  subject  of  vision  is  not  intended  to  meet  the 
wants  of  the  ophthalmologist,  nor  does  it  seem  desirable  that 
it  should.  Our  aim  is  to  treat  of  the  anatomy  and  physiology 
of  the  organs  of  vision  so  as  to  make  the  subject  clear,  merely 
as  far  as  its  physiology  is  concerned.  In  doing  this,  we  shall 
omit  certain  anatomical  details,  as  well  as  most  of  the  elabo- 
rate mathematical  f  ormulee  of  modem  physicists,  and  all  re- 
searches of  a  purely  historical  interest,  which,  if  fuUy  dwelt 
upon,  would  swell  the  chapters  on  vision  to  the  dimensions 
of  a  large  volume. 

The  chief  important  points  to  be  considered  in  the  physi- 
ology of  vision  are  the  following : 

1.  The  physiological  anatomy  and  the  general  properties 
of  the  optic  nerves. 

2.  The  physiological  anatomy  of  the  parts  essential  to 
correct  vision. 

3.  The  laws  of  refraction,  diffusion,  etc.,  bearing  upon 
the  physiology  of  vision. 

4.  The  action  of  the  different  parts  of  the  eye  in  the 
production  and  appreciation  of  correct  images. 

5.  Binocular  vision. 

6.  The  physiological  anatomy  and  the  functions  of  acoea- 
sory  parts,  as  the  muscles  which  move  the  eyeball. 

7.  The  physiological  anatomy  and  the  functions  of  the 
parts  which  protect  the  eye,  as  the  lachrymal  glands,  eye- 
lids, etc. 

Physiological  Anaiomy  of  the  Optic  Nerves. — ^The  optic 
nerves,  or  tracts,  take  their  origin,  each  by  two  principal  roots 
of  white  matter  and  a  few  filaments  from  what  is  described  as 
the  gray  root,  chiefly  from  the  tubercula  quadrigemina,  but 
in  part  from  those  portions  of  the  encephalon  over  which  the 
norves  pass  to  go  to  the  eyes.    The  internal  white  root  arises 
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from  the  posterior,  and  th6  external  white  root,  which  is  the 
larger,  from  the  anterior  tiiberculum.  The  gray  root  is  situ* 
ated  in  front  of  and  above  the  optic  commissiire,  and  is  a  de- 
pendence of  the  gray  matter  which  covers  the  internal  surface 
of  the  optic  thalamus.  It  arises  from  the  gray  matter  consti- 
tuting the  anterior  floor  of  the  third  ventricle,  in  the  form 
of  delicate  filaments  which  Join  the  optic  nerves  at  this 
point* 

The  apparent  origin  of  these  nerves  is  from  the  tubercnla 
quadrigemina,  receiving  filaments  from  the  corpora  genicu- 
^iata,  the  optic  thalami,  the  pedmicles  of  the  cerebrum,  the 
:iterior  substantia  perforata,  the  tuber  cinereum,  and  the 
lamina  terminaUs-  It  has  thus  far  been  found  impossible  to 
trace  all  these  roots  to  their  true  origin  in  the  cerebral  sub- 
gtance ;  but  experiments  upon  the  lower  animala,  in  which  it 
has  been  shown  that  the  sense  of  sight  is  completely  abol- 
ished by  destruction  of  the  tul>ereula  tpiadrigeniina  (bigemi- 
nfl,  in  bii'ds),  show"  that  the  origin  of  the  filaments  that  pre- 
side over  vision  is,  in  all  probability,  from  these  bodies. 

The  two  principal  roots  unite  above  the  external  corpus 
genieulatuni,  fonning  a  flattened  band,  which  takes  an  oblique 
course  around  the  under  surface  of  the  cms  cerebri  to  the 
optic  commissure.  This  is  usually  called  the  optic  tract,  in 
contradistinction  to  the  optic  nerve,  which  is  described  as 
arising  from  the  optic  commissure. 

The  optic  commissure,  or  chiasm,  is  situated  just  in  front 
of  the  corpus  cinereum,  resting  on  the  olivary  process  of  the 
sphenoid  bone.  As  its  name  implies,  tins  is  the  point  of  union 
between  the  nen^es  of  the  two  sides.  At  the  commissure,  the 
fibres  from  the  optic  tract^a  take  three  directions ;  and,  in  addi* 
tion,  the  commissure  contiiins  filimients  passing  from  one  eye 
to  the  other,  which  have  no  connection  with  the  optic  tracts. 
The  four  sets  of  fibres  in  the  optic  commissure  are  as  fol- 
lows: 

1.  Decussating  fibres,  passing  from  the  optic  tract  upon 

*  SafpeTi  TraUi  (Tanaiamiie,  P&ri^  1871,  tome  til,  p.  261. 
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either  side  to  the  eye  of  the  opJ)osite  side.  The  greatest 
part  of  the  fibres  take  this  direction.  Their  relative  sitaa- 
tion  is  internal. 

2.  External  fibres,  much  less  numerous  than  the  preceding, 
which  pass  from  the  optic  tract  to  the  eye  upon  the  same 
side. 

3.  Fibres,  situated  on  the  posterior  boundary  of  the  com- 
missure, which  pass  from  one  optic  tract  to  the  other  and  do 
not  go  to  the  eyes.  These  fibres  are  scanty,  and,  according 
to  Sappey,  are  sometimes  wanting.*  > 

4.  Fibres,  situated  on  the  anterior  border  of  the  commis- 
sure, more  numerous  than  the  preceding,  which  pass  from 
one  eye  to  the  other,  and  which  have  no  connection  with  the 
optic  tracts.* 

It  is  probable,  reasoning  chiefly  from  cases  of  cerebral 
injury  or  disease,  that  the  filaments  from  the  optic  tracts 
upon  the  two  sides  are  connected  with  distinct  portions  of 

'  Sappey,  Traiti  d'anatomie,  Paris,  18Y1,  tome  iii.,  p.  264. 

'  Within  the  last  few  years,  the  old  idea  that  the  optic  nerves  make  a  com- 
plete decussation  at  the  commissure  has  been  rerired.  In  two  very  elaborate 
articles  on  this  subject,  which  have  just  appeared  (1878)  in  6raefe*s  Archiv,  by 
Mandelstanmi  and  by  Michel,  the  authors,  after  referring  to  the  anatomical  re- 
searches of  Biesiadecki,  in  1861,  and  of  Pawlowsky,  in  1869,  assume  to  have 
confirmed  their  observations,  and  to  have  demonstrated  that  the  nerves  decos- 
sate  completely  at  the  conmiissure  and  are  each  distributed  exclusively  to  the 
eye  of  the  opposite  side.  Purely  anatomical  researches  upon  such  a  delicate 
point  as  this  are  uncertain ;  and  it  is  with  the  aid  of  pathological  observa- 
tions, that  positive  conclusions  have  been  reached.  With  the  views  advanced 
by  Mandelstamm  and  by  Michel,  it  is  perhaps  possible  to  explain  cases  of 
hemiopsia  due  to  tumors  situated  at  some  parts  of  the  chiasm,  but  not  hemi- 
opsia  following  deep-seated  injury  or  disease  of  the  brain  near  the  origin  of  one 
of  the  optic  tracts.  Two  such  cases  we  shall  quote  from  Drs.  Keen  and  Thom- 
son (see  page  41),  and  these  are  sufficient  to  lead  us  to  doubt  the  accuracy  of 
the  view  of  complete  decussation,  at  least  until  it  shall  have  received  full  con- 
firmation. The  new  view,  however,  is  fully  discussed  in  the  following  artides, 
to  which  the  reader  is  referred : 

Mandklstamm,  Ueber  Sehnervenkretusunff  undHemiopie. — Archiv  fur  Ophihal- 
mologie,  Berlin,  1878,  Bd.  xix.,  S.  89,  et  teq, 

MiCHKL,  Ueber  dm  Bau  de$  Chiatma  nervorum  opHcorum, — ^Ibid.,  S.  69, 
eluq. 
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i  retinA ;  and  two  pathological  casee  have  lately  been  re- 
ported by  Drs-  Keen  and  Thomson,  of  Philadelphii^,  which 
go  to  show  that  this  is  the  fact,  and  which  illu&trate  certain 
interesting  points  in  connection  with  the  decussation  of  the 
nerves.  One  was  a  case  of  gtmfihot-woimd  of  the  head  with 
severe  injury  of  the  brain-substance.  This  case  presented, 
immediately  after  the  injury,  unconsciousness  and  partial 
paralysis  of  the  right  arm  and  right  leg,  which  lasted  two  or 
three  months.  About  a  year  after,  the  paralysis  had  almost 
entirely  disappeared,  but  the  memory  was  somewhat  im« 
paired  Upon  careful  examination  of  the  eyes^  it  was  ascer- 
tained that  the  field  of  vision  was  divided  in  each  eye  by  a 
vertical  line  passing  through  its  centre.  In  the  right  eye,  the 
iimer  half  of  the  retina,  beginning  at  the  inner  border  of  the 
macula  lutea,  was  entirely  insensible  to  light.  In  the  left 
eye,  the  outer  half  of  the  retina,  beyond  the  macula,  was  in- 
eenaible  to  light.  No  pathological  appearances  were  ob- 
served on  examining  the  retinee  with  the  ophthalmoscope. 
The  second  case,  reported  by  Dr.  W.  Thomson,  presented 
the  same  condition  following  partial  hemiplegia,  the  result  of 
sunstroke.  The  peculiar  affection  of  vision  in  diese  cases, 
called  hemiopaia,  especially  as  illustrated  in  the  first  case, 
reported  by  Dr.  Keen,  can  be  explained  by  assuming  the  fol- 
lowing as  the  course  of  the  decussating  fibres  of  the  optic 
tracts:  From  the  left  side  of  the  encephalon,  visual  fibres 
pass  to  the  right  eye,  suppljing  the  inner  mathematical  half 
of  the  retina,  from  a  vertical  line  passing  through  the  macula 
lutea.  Visual  fibres  also  pass  to  the  left  eye,  supplying  the 
outer  half  of  the  retina,  be^nning  at  the  macula  latea.  The 
macula  lutea,  then,  and  not  the  point  of  entrance  of  the  optic 
serve,  is  in  the  line  of  division  of  the  visual  field.  The 
outer  half  of  the  left  and  the  inner  half  of  the  right  retina 
are  supplie<l  by  fibres  from  the  left  side ;  and  the  outer  half 
of  the  right  and  the  inner  half  of  the  left  retina  are  sup- 
plied from  the  right  side.  Though  this  anatomical  arrange- 
ment has  not  been  actually  demonstrated,  it  is  rendered  ex- 
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oeedingly  probable  by  pathological  cases  like  those  just  cited.* 
In  the  case  reported  by  Dr.  Keen,  the  left  side  of  the  brain 
was  injured,  as  the  paralysis  occurred  in  the  right  leg  and 
arm. 

With  the  exception  of  the  few  filaments  derived  from 
what  have  been  described  as  the  gray  roots,  the  fibres  of  the 
optic  tracts  and  the  optic  nerves  are  of  the  medullated  vari- 
ety, and  present  no  differences  in  structure  from  the  ordinary 
cerebro-spinal  nerves. 

The  optic  commissure  is  covered  with  a  fibrous  membrane, 
and  is  consequently  more  resisting  than  the  optic  tracts. 
From  its  anterior  and  outer  border,  arise  the  optic  nerves, 
which  take  a  curved  direction  to  the  eyes.  The  nerves  are 
rounded,  and  are  enclosed  in  a  double  fibrous  sheath  derived 
from  the  dura  mater  and  the  arachnoid.  They  pass  into  the 
orbit  upon  the  two  sides  by  the  optic  foramina,  and  penetrate 
the  sclerotic  at  the  posterior,  inferior,  and  internal  portion  of 
the  globe.  As  the  nerves  enter  the  globe,  they  lose  their 
coverings  from  the  dura  mater  and  arachnoid.  The  sheath 
derived  from  the  dura  mater  is  adherent  to  the  periosteum 
of  the  orbit  at  the  foramen  opticum,  and  when  it  reaches  the 
globe  it  fuses  with  the  sclerotic  coat.  Just  before  the  nerves 
penetrate  the  globe,  they  each  present  a  well-marked  con- 
striction. At  the  point  of  penetration,  there  is  a  thin  but 
strong  membrane,  presenting  numerous  perforations  for  the 
passage  of  the  nervous  filaments.  This  membrane,  the  lami- 
na cribrosa,  is  in  part  derived  from  the  sclerotic,  and  in  part, 
from  the  coverings  of  the  individual  nerve-fibres,  which  lose 
their  investing  membranes  at  this  point.  Li  the  interior  of 
each  eye,  there  is  a  little,  mammillated  eminence,  formed 
by  the  united  fibres  of  the  nerve.  The  retina,  with  which 
the  optic  nerve  is  connected,  will  be  described  as  one  of  the 
coats  of  the  eye. 

>  Kjoof  AND  Thomsox,  Oufuhot-  Wound  of  Ihe  Brain,  foUmeed  hy  JPStn^ui 
Cerebri,  and  Beeovery  with  ffemiopna,  Extracted  from  the  PhoU>ffrajide  Rekm 
of  Medicine  and  Surgery^  February,  1871. 
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In  the  centre  of  the  optic  nerve,  is  a  minute  canal,  lined 
by  fibix>iis  tisfiiie,  in  which  is  lodged  the  central  artery  of  the 
retina  and  its  corresponding  vein,  with  a  delicate,  nervous  fila- 
ment from  the  ophthalmic  ganglion.  The  vessels  penetrate 
the  optic  nerve  a  little  (from  i  to  f  of  an  inch)  behind  the 
globe.    The  central  canal  doos  not  exist  behind  these  vessels. 

'  Genend  Properties  of  the  Optic  Nerves. — There  is  very 
little  to  be  said  regarding  the  general  properties  of  the  optic 
nerves,  except  that  they  are  undt>ubted]y  the  only  nerves  ca- 
pable of  conveying  to  the  cerebrum  the  special  impressions 
of  sight,  and  that  they  are  not  endowed  with  general  sensi- 
bility- 

That  the  optic  nerves  are  the  only  nerves  of  sight,  there 
can  be  no  doubt.  Their  division  or  injury  always  involves 
loss  or  impairment  of  vision,  directly  corresponding  with  the 
lesion.'  It  is  interesting,  however,  to  note  that  they  are  ab- 
solutely insensible  to  ordinary  impressions.  "We  can,  in  a 
living  animal,  pinch,  cauterize,  cut,  destroy  in  any  way  the 
optic  nerve  without  giving  rise  to  the  slightest  painful  sensa- 
tion ;  whether  it  be  taken  before  or  after  its  decussation,  it 
seems  completely  insensible  in  its  entire  length." ' 

Not  only  are  the  optic  nerve  and  retina  insensible  to  pain, 
but  any  iiritation  produces  the  impression  of  light.  This 
was  stilted  in  the  remarkable  pax>er,  Idea  of  a  New  Anatomy 
qf  the  Brain^  printed  by  Charles  Bell,  in  1811/  A  few 
years  later,  Magendie,  in  operating  for  cataract,  passed  the 

'  III  1638,  Mifcndie,  influeucod  probably  bj  hU  faTgril«  theory  that  the 
Mh  P^^r  ^i  ner?<si  wm  nooessary  tg  the  perfect  opcratioti  of  all  the  specbl 
^f^plei,  rt^poried  two  cases  of  atrophy  of  the  optic  nerves,  without  complete  logs 
offfight,  nud  aHsniued,  fu  a  pofisibRltT,  that  sight  might  be  retained  to  a  limited 
'  decree,  when  the  optic  nenres  bad  been  gradually  de»troye*1.     This  view  docfl 
1UH  merit  diaeussion,  and  ia  aitoply  one  of  the  enrioifitica  of  phrAiological  Utcra- 
lure.     (Mjlocxdi£,  Jm  true  peut-dle  Stye  constrtet  mature  de  dtitntcdan  dtt  nrrft 
pptiqufif — J&urrmt  de  phymoloffie^  Paris,  1828,  tome  viii.,  p.  27.) 
•  ljO90tT«  7V«t7i  d*' f^itftidogit^  Paria,  180»^  tome  iii.,  p.  47fl, 
'BiLJL,  Idm  0/  a  Xfw  Anatomt/  of  the  Brain^  London,  181L — Documsni* 
mdlhtM  0/  Modern  Didcoverirt  in  (hi  ITerpout  Syaiem^  London,  1831*,  p.  48. 
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needle  to  the  bottom  of  the  eye  and  irritated  the  retina,  in 
two  persons.  The  patients  experienced  no  pain,  but  the  im- 
pression of  flashes  of  light.*  The  insensibility  of  the  optic 
nerves  has  also  been  repeatedly  noted  in  surgical  operations 
in  which  the  nerves  have  been  exposed.'  If  a  current  of  gal- 
vanism be  passed  through  the  optic  nerves,  a  sensation  of 
light  is  experienced.'  The  same  phenomenon  is  observed 
when  the  eyeball  is  pressed  upon  or  contused,  a  fact  which  is 
sufficiently  familiar. 

Physioloffical  Anatomy  of  the  Eyebad. 

The  eyeball  is  a  spheroidal  body,  partially  embedded  in  a 
cushion  of  fat  in  the  orbit,  protected  by  the  surrounding 
bony  structure  and  the  eyelids,  its  surface  bathed  by  the  se- 
cretion of  the  lachrymal  gland,  and  movable  in  various  direc- 
tions by  the  action  of  certain  muscles.  When  the  axis  of  the 
eye  is  directed  forward,  the  globe  has  the  form  of  a  sphere 
in  its  posterior  five-sixths,  with  the  segment  of  a  smaller 
sphere  occupying  its  anterior  sixth.  The  segment  of  the 
smaller  sphere,  bounded  externally  by  the  cornea,  is  more 
prominent  than  the  rest  of  the  surface. 

The  eyeball  is  made  up  of  several  coats  enclosing  certain 
refracting  media.  The  external  coat  is  the  sclerotic,  covering 
the  posterior  five-sixths,  which  is  continuous  with  the  cornea, 
covering  the  anterior  sixth.  This  is  a  dense,  opaque,  fibrous 
membrane,  for  the  protection  of  the  inner  coats  and  contents. 
The  coniea  is  dense,  resisting,  and  perfectly  transparent. 
The  muscles  that  move  the  globe  of  the  eye  are  attached  to 
the  sclerotic. 

Were  it  not  for  the  prominence  of  the  cornea,  the  eyeball 
would  present  very  nearly  the  form  of  a  perfect  sphere,  as 

^  MjkOENDiE,  Sur  ViruennlnliU  de  la  retine  de  Vhommc—^oumal  dephyMO' 
gie^  Paris,  1825,  tome  v.,  p.  87,  et  teq. 

*  LoxoET,  Phiftiologie^  Paris,  1869,  tome  iii.,  p.  479. 

•  Meter,  Electricity  in  itt  Rdatioru  to  Practical  Medicine^  New  York,  18tt9, 
p.  69. 
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^^^^    will  be  Been  by  the  foUowing  measurements  of  its  Tarious        ^^H 
^^ft         diameters ;  but  tlie  prommenee  of  its  anterior  sixth  gives  the        ^^^H 
^^B         greatest  diameter  in  the  antero>poBterior  direction.                           ^^^| 
^H                The   form  and  dimensions  of  the  globe  are  subject  to         ^^^| 
^^M         eondderable  variations  after  death,  by  evaporation  of  the         ^^^| 
^H         hnmors,  emptying  of  vessels,  ete.,  and  there  i8  no  way  in         ^^^| 
^H         which  the  normal  eon<litions  can  be  restored/     The  most         ^^H 
^H         exact  measui-ements  are  those  made  by  Sappey.     As  an  iUn^         ^^^| 
^H         tnation  of  the  post-mortem  changes  in  the  eye,  Sappey  men-         ^^^M 
^^m          tions  comparative  measnrement^  made  three  hours  and  tweu-         ^^^H 
^H          ty-four  hours  after  death,  the  results  of  which  presented  very         ^^^| 
^^L^    considerable  differences.                                                                      ^^^| 
^^^H         In  measurements  made  by  Sappey,  apparently  with  great         ^^H 
^^^^"  care  and  accuracy,  from  one  to  four  hom-s  after  death,  of  the         ^^^| 
^H          ej^es  of  twelve  adult  females  and  fourteen  adult  males  of  dif-         ^^^H 
^H         fferent  ages,  the  following  mean  results  were  obtained : '                      ^M 

AsL-Vfmt, 

TruiiTer»e. 

VottejU. 

ObUquo.     '                   ^M 

^^H            llesin  of  12  fenmlea,  from 
^^H                  16  to  81  yeori  of  ftge. . 
^H             Mean  of  U  m&Joa,  from  iO 
^^H                to  79  reare  of  tge 

0*941 
0*d6S 

a'»4i 

6-905 
0-92S 

^^M 
^^1 

^H               From  these  results,  it  is  seen  that  the  diameters  are  all         ^^H 
^H         less  in  the  female  than  in  the  male*    The  antero-posterior         ^^^| 
^H         diameter  is  the  greatest  of  all,  aTid  the  vertical  diameter  is         ^^^| 
^H          the  least*     The  measurements  at  ditferent  ages,  not  cited  in         ^^^H 
^H         the  table  just  given,  show  that  the  excess  of  the  antero-poste-         ^^^| 
^H         nor  diameter  over  the  others  is  diminished  l>y  age.                          ^^^| 

^^^^B         Sderotic  CoaL — ^The  sclerotic  is  the  dense,  opaque,  fibrous              ^H 
^^^^B  vCDvering  of  the  posterior  five-sixths  of  the  eyeball    Its  tJiick*         ^^^| 
^^H^^ilite  is  different  in  different  p>rtions.     At  the  point  of  pene-         ^^^H 

^^V          whieb  Are  so  often  dt«it  in  works  on  tlie  anittomy  and  physiology  ol'  tti«  ejd,                 ^^^^| 
^^^^^          *  SuiPPST,  Train  iPanatomie,  Park,  1B71,  tome  til,  p.  70S.                                            ^^^H 
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tration  of  the  optic  nerve,  it  measures  5*5-  of  an  indi.  It  is 
thinnest  at  the  middle  portion  of  the  eye,  measuring  about  -^ 
of  an  inch,  and  is  a  Httle  thicker  again  near  the  cornea.  ^  This 
membrane  is  composed  chiefly  of  bundles  of  ordinary  connec- 
tive tissue.  The  fibres  are  slightly  wavy,  and  arranged  in 
flattened  bands,  which  are  alternately  longitudinal  and  trans- 
verse, giving  the  membrane  a  lamellated  appearance,  though 
it  cannot  be  separated  into  distinct  layers.  Mixed  with 
these  bands  of  connective-tissue  fibres,  are  numerous  smaU 
fibres  of  elastic  tissue.  The  vessels  of  the  sclerotic  are  scanty. 
They  are  derived  from  the  ciliary  vessels  and  those  of  the 
muscles  of  the  eyeball.  The  tissue  of  the  sclerotic  yields  gela- 
tine on  boiling. 

Cornea, — The  cornea  is  the  transparent  membrane  which 
covers  about  the  anterior  sixth  of  the  globe  of  the  eye.  As 
before  remarked,  this  is  the  most  prominent  portion  of  the 
eyeball,  and  is  in  the  form  of  a  segment  of  a  sphere  attached 
by  its  borders  to  the  segment  of  the  larger  sphere  formed  by 
the  sclerotic.  The  thickness  of  the  cornea  is  about  -^  of  an  inch 
in  its  central  portion,  and  about  ^  of  an  inch  near  its  periph- 
ery. Its  substance  is  composed  of  transparent  fibres,  ar- 
ranged in  incomplete  layers,  something  like  the  layers  of  the 
sclerotic.    It  yields  chondrine,  instead  of  gelatine,  on  boiling. 

Upon  the  external,  or  convex  surface  of  the  cornea,  are 
several  layers  of  delicate,  transparent,  nucleated  epitheliimu 
The  most  superficial  cells  are  flattened ;  the  middle  cells  are 
rounded ;  and  the  deepest  cells  are  elongated  and  arranged 
perpendicularly.  These  cells'  become  slightly  opaque  and 
whitish  after  death.  Just  beneath  the  epithelial  covering  of 
the  cornea,  is  a  very  thin,  transparent  membrane,  described 
by  Bowman  under  the  name  of  the  "anterior  elastic  la- 
mella." '  This  membrane,  with  its  cells,  is  a  continuation  of 
the  conjunctiva. 

1  Todd  and  Bowman,  The  PhynologieoH  Anaiomy  and  PhyMogy  of  JAm, 
Philadelphia,  1867,  p.  404. 
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The  proper  corneal  membrane  ig  composed  of  excessively 
pftle,  flattened  bundles  of  fibres,  interlacing  each  other  in  every 
direction.  Their  arrangement  is  ]amellate<t,  though  thej  can- 
not be  separated  into  complete  and  distinct  layers.  Between 
the  bundles  of  fibres^  lie  a  great  number  of  stellate,  ana^to* 
tnosing,  connective-tiasuo  corpuscles.  In  these  cells  and  in  the 
intervak  between  the  fibres,  there  is  a  considemble  quantity 
of  transparent  liquid.  Tlie  fibi-es  constituting  the  substance 
of  the  cornea  are  continuous  with  the  fibrous  structure  of  the 
sclerotic^  from  which  they  cannot  be  separated  by  maceration. 
At  the  margin  of  the  cornea,  the  opaque  fibres  of  the  scle- 
rotic bescame  abruptly  transparent.  The  corneal  substance  is 
very  tough,  and  will  resist  a  pressure  sufficient  to  rupture 
the  sclerotic^ 

tJpon  the  posterior,  or  concave  surface  of  the  cornea,  ia 
the  membrane  of  Descemet,  or  of  Demours,  elastic,  transpar- 
ent, structureless^  rather  hjosely  attached,  and  covered  with  a 
Bingle  layer  of  regularly-polygonal,  nucleated  epithelium/  At 
the  circumierence  of  the  cornea,  a  portion  of  this  ihembrane 
pABses  to  the  anterior  surface  of  the  iris^  in  the  form  of  nu- 
m^ous  processes  which  constitute  the  ligamentura  iridis  pecti- 
natnm ;  a  portion  passes  into  the  substance  of  the  ciliary  mus- 
cle, and  a  portion  is  continuous  with  the  fibrous  stmctura  of 
tbe  sclerotic* 

la  the  adult,  the  cornea  is  almost  without  blood-vessels, 
but  in  foetal  life  it  presents  a  rich  plexus  extending  nearly 
to  the  centre.  These  disappear,  however,  before  birth, 
kaving  a  very  few  delicate,  looped  vessels  at  the  extreme 
edge, 

A  great  deal  of  anatomical  interest  has  lately  been  at- 
tadied  to  the  cornea,  from  researches  showing  the  termina- 
tion of  the  fine  nerve-fibres  in  the  nuclei  of  the  posterior 
layer  of  the  epitlielium  of  its  convex  surface,*  and  the  inves- 
taxation  of  the  "  Ij-mph-spaces,'*  by  the  use  of  certain  re- 
agmis,  the  demonstration  of  the  so-called  ^'  wandering  eells,'^ 

>  See  Tol  ir.,  Nerroiu  System,  p.  4S. 
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etc.,  points  that  we  do  not  propose  to  consider.    It  is  well 
known  that  the  surface  of  the  cornea  is  exquisitely  sensitive. 

Choroid  Coat, — Calling  the  sclerotic  and  the  cornea  the 
first  coat  of  the  eyeball,  the  second  is  the  choroid,  with  the 
ciliary  processes,  the  ciliary  muscle,  and  the  iris.  This  was 
called  by  the  older  anatomists  the  uvea,  a  name  which  was 
later  applied,  sometimes  to  the  entire  iris,  and  sometimes  to 
its  posterior,  or  pigmentary  layer.  We  shall  describe,  how- 
ever, the  choroid  and  ciliary  processes  together  as  the  second 
coat,  and  then  take  up  the  ciliary  muscle  and  the  iris. 

The  choroid  is  distinguished  from  the  other  coats  of  the 
eye  by  its  dark  color  and  its  great  vascularity.  It  occupies 
that  portion  of  the  eyeball  corresponding  to  the  sclerotic.  It 
is  perforated  posteriorly  by  the  optic  nerve,  and  is  connected 
in  front  with  the  iris.  It  is  very  delicate  in  its  structure,  and 
is  composed  of  two  or  three  distinct  layers.  Its  thickness  is 
from  ^hr  ^  isV  ^^  ^^  inch.  Its  thinnest  portion  is  at  about 
the  middle  of  the  eye.  Posteriorly,  it  is  a  little  thicker. 
Its  thickest  portion  is  at  its  anterior  border. 

The  external  surface  of  the  choroid  is  connected  with  the 
sclerotic  by  vessels,  nerves  (the  long  ciliary  arteries  and  the 
ciliary  nerves),  and  very  loose  connective  tissue.  This  is 
sometimes  called  the  membrana  fusca,  though  it  can  hardly 
be  called  a  distinct  layer.  It  contains,  in  addition  to  the 
vessels,  nerves,  and  fibrous  tissue,  a  few  irregularly-shaped 
pigment-cells. 

The  rest  of  the  choroid  is  composed  of  two  distinct  lay- 
ers ;  an  external,  vascular,  and  an  internal,  pigmentary  layer. 
The  vascular  layer  consists  of  numerous  arteries,  veins,  and 
capillaries,  arranged  in  a  peculiar  manner.  The  layer  of  ca- 
pillary vessels,  which  is  internal,  is  sometimes  called  the  middle 
layer  of  the  choroid,  or  the  tunica  Ruyschiana.  The  arteries, 
which  are  derived  from  the  posterior  short  ciliary  arteries  and 
are  connected  with  the  capillary  plexus,  lie  just  beneath  the 
pigmentary  layer.    The  plexus  of  capillaries  is  closest  at  the 
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posterior  portion  of  tlie  nierabnine.  The  veins  are  external 
to  the  other  vessels.  They  are  veiy  numerous  and  are  die- 
posed  in  corves  converging  to  four  trunks.  This  arrange- 
ment gives  the  veins  a  very  peculiar  appearance,  and  they 
have  been  called  the  vasa  vortioosa. 

The  pigmentary  portion  is  composed,  over  the  greatest 
part  of  the  choroid,  of  a  single  layer  of  regularly-polygonal 
oells^  somewhat  flattened,  measuring  from  y^j^  to  tVott  ^^  ^^ 
inch  in  diameter.  These  cells  are  filled  with  pigmentaiy 
gmnulations  of  uniform  size,  and  give  to  the  membrane  its 
characteristic  dark-brown  or  chocolate  color.  The  pigmen- 
tarj^  granules  in  tlie  cells  are  less  numerous  near  their  centre, 
where  a  clear  nucleus  can  readily  be  observed.  In  the  an- 
terior portion  of  the  membrane,  in  front  of  the  anterior 
limit  of  the  retina,  the  cells  are  smaller,  more  rounded,  more 
completely  filled  with  pigment,  and  present  several  layers. 
Beneath  the  laj^er  of  hexagonal  pigment-cells,  the  inter\^ascular 
qiaces  of  the  choroid  are  occupied  l»y  stellate  pigment-cells. 


Ciliary  Processes, — ^The  anterior  portion  of  the  choroid 
Ls  arranged  in  the  form  of  folds,  or  plaits  projecting  inter- 
nally, called  the  ciliary  processes.     The  largest  of  these  folds 

about  -^  of  an  inch  in  length.  They  are  from  sixty  to 
r eighty  in  number.  The  larger  folds  are  of  nearly  uniform 
size,  and  are  regularly  arranged  around  the  margin  of  the 
crystalline  lens.  Between  these  folds,  which  constitute  about 
twO'thirds  of  the  entire  number,  are  smaller  folds,  lying, 
without  any  regular  alternation,  between  the  larger*  Within 
the  folds,  are  received  corresponding  folds  of  the  thick  mem- 
bnine,  (?ontinuou8  anteriorly  with  the  hyaloid  membrane  of 
the  vitreous  humor,  called  the  zone  of  Zinn. 

The  ciliary  processes  present  blood-vessels,  which  are  some- 
what larger  than  those  of  tlie  rest  of  the  choroid.  The  pig- 
mentary cells  are  smaller  and  are  arranged  in  several  layers. 
The  anterior  border  of  the  proeefisea  is  free,  and  contains 
little  or  no  pigment. 


60  SPECIAL   SENSES. 

CiUary  Muscle. — This  muscle,  formerly  known  as  the 
ciliary  ligament,  and  now  sometimes  called  the  tensor  of  the 
choroid,  is  almost  miiversally  recognized  by  physiologists  as 
the  agent  for  the  accommodation  of  the  eye  to  vision  at  dif- 
ferent distances.  Under  this  view,  the  ciliary  muscle  is  an 
organ  of  great  importance,  and  it  is  essential,  in  the  study  of 
accommodation,  to  have  an  exact  idea  of  its  relations  to  the 
coats  of  the  eye  and  to  the  crystalline  lens.  For  this  reason, 
we  shall  describe  its  arrangement  as  exactly  as  possible. 

The  form  and  situation  of  the  ciliary  muscle  are  as  fol- 
lows :  It  surrounds  the  anterior  margin  of  the  choroid,  in  the 
form  of  a  ring  about  \  of  an  inch  wide  and  ^  of  an  inch  in 
thickness  at  its  thickest  portion,  which  is  its  anterior  border. 
It  becomes  thinner  from  before  backward,  until  its  posterior 
border  apparently  fuses  with  the  fibrous  structure  of  the 
choroid.  It  is  semitransparent  and  of  a  grayish  color.  Its 
situation  is  just  outside  of  the  ciliary  processes,  these  pro- 
cesses projecting  in  front  of  its  anterior  border  about  -^  of 
an  inch. 

Regarding  the  anterior  border  of  this  muscle  as  its  origin 
and  the  posterior  border  as  its  insertion,  it  arises  in  front  from 
the  circular  line  of  junction  of  the  cornea  and  sclerotic,  from 
the  border  of  the  membrane  of  Descemet  and  the  ligamentum 
iridis  pectinatum.  Its  fibres,  which  are  chiefly  longitudinal, 
pass  backward  and  are  lost  in  the  choroid,  extending  some- 
what farther  back  than  the  anterior  limit  of  the  retina.  In 
addition,  a  net-work  of  circular  muscular  fibres  has  been  de- 
scribed lying  over  the  anterior  portion  of  the  ciliary  body,  at 
the  periphery  of  the  iris,  beneath  the  longitudinal  fibres ;  but 
these  are  regarded  by  Donders  as  simple  continuations  of  the 
ionermost  layers  of  the  longitudinal  fibres,  which  gradu- 
ally assume  a  circular  direction,  not  meriting  description  as  a 
separate  muscle.^  Some  of  these  fibres  have  an  oblique  di- 
rection. 

>  Donders,  On  the  Anomalies  of  Accommodation  and  Refrodion  of  ihi  Bift^ 
The  New  Sydenham  Society,  London,  1864,  p.  26. 
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Althougli  there  was  formerly  considerable  discussiou  with 
?gard  to  the  structure  of  the  cilmry  ligament,  or  muscle, 
there  can  now  be  scarcelj  any  doubt  of  the  fact  tliat  it  is 
composed  mainly  of  muscular  fibres.  These  fibres,  anatom- 
ically considered,  belong  to  the  nounstriated,  or  involuntary 
variety.  They  are  pale,  present  numerous  oval^  longitudinal 
nuclei,  and  liave  no  striae. 

It  is  evident,  from  the  arrangement  of  the  fibres  of  the 
ciliary  muscle,  that  its  action  must  bo  to  approximate  the 
border  of  connection  of  the  sclerotic  and  cornea  and  the  cir- 
b  cumfcrence  of  the  choroid,  compressing  the  vitreous  humor 
and  relaxing  the  suspensory  ligament  of  the  crystalline  lens. 
We  shall  see  farther  on  that  tliis  action  enables  the  lens  to 
f  r^  form,  and  probably  adapts  its  curvature  to  vision  at 

d..  _. -.;l  distances.  The  nerves  of  the  ciliary  muscle  are  de- 
rived from  the  long  and  the  short  ciliary. 

/m, — The  iris  corresponds  to  the  diaphi'agra  of  optical 
instruments.,  except  that  its  orifice  is  capable  of  dilatation  and 
contraction.  It  is  a  circular  membrane,  situated  just  in  front 
of  the  crystalline  lens,  with  a  round  perforation,  the  x>upil, 
near  its  centre.  It  is  c-alled  the  uvea  by  some  anatomists, 
a  name  that  was  formerly  applied  to  the  iris  and  choroid  to- 
gether. 

The  attachment  of  the  greater  circumference  of  the  iris  is 
to  the  line  of  junction  of  the  cornea  and  sclerotic,  near  the 
origin  of  the  ciliary  muscle,  the  latter  passing  baclnvard  to  be 
'inserted  into  the  choroid,  and  the  former  passing  directly  over 
the  crj'stallino  lens.  The  diameter  of  the  iris  is  about  half 
sn  inch.  The  pupil  is  subject  hy  considerable  variations  in 
raze«  When  at  its  medium  of  dilatation,  its  diameter  is  from 
-^  to  ^  of  an  inch.  The  pupillary  orifice  is  not  in  the  mathe- 
Qatical  centre  of  the  iris,  but  is  situated  a  little  to  the  nasal 
Kde-  The  thickness  of  the  iris  is  a  little  greater  than  that  of 
the  choroid,  but  is  unequal  in  different  parts,  the  membrane 
being  thinnest  at  its  great  circumference  and  its  pupillary 
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border,  and  thickest  at  about  the  junction  of  its  inner  third 
with  the  outer  two-thirds.  It  slightly  projects  anteriorly  and 
divides  the  space  between  the  lens  and  the  cornea  into  two 
chambers,  anterior  and  posterior,  the  anterior  chamber  being 
much  the  larger.  Taking  advantage  of  a  property  of  the 
crystalline  lens,  called  fluorescence,  which  enables  us,  by  con- 
centrating upon  it  a  blue  light,  to  see  the  boundaries  in  the 
living  eye,  Helmholtz  has  demonstrated  that  the  posterior 
surface  of  the  iris  and  the  anterior  surface  of  the  lens  are 
actually  in  contact,*  except,  perhaps,  for  a  certain  distance 
near  the  periphery  of  the  iris.  This  being  the  case,  the  poft- 
terior  chamber  is  very  small,  and  only  exists  near  the  margins 
of  the  lens  and  the  iris. 

The  color  of  the  iris  is  very  different  in  different  indi- 
viduals. Its  anterior  surface  is  generally  very  dark  near  the 
pupil,  and  presents  colored  radiations  toward  its  periphery. 
Its  posterior  surface  is  of  a  dark-purple  color,  and  is  covered 
with  pigmentary  cells. 

The  entire  iris  presents  three  layers.  The  anterior  layer 
is  continuous  with  the  membrane  of  the  aqueous  humor.  At 
the  great  circumference,  it  presents  little  fibrous  prolonga- 
tions, forming  a  delicate  dentated  membrane,  called  the  liga- 
mentum  iridis  pectinatum.  The  membrane  covering  the 
general  anterior  surface  of  the  iris  is  extremely  thin,  and  is 
covered  by  cells  of  tessellated  epithelium.  Just  beneath  this 
membrane,  are  a  number  of  irregularly-shaped  pigmentary 
cells. 

The  posterior  layer  of  the  iris  is  very  thin,  easily  detached 
from  the  middle  layer,  and  contains  numerous  small  cells  ex- 
ceeding rich  in  pigmentary  granules.  Some  anatomists  rec- 
ognize this  membrane  only  as  the  uvea.' 

The  middle  layer  constitutes  by  far  the  greatest  part  of 

'  Hklmholtz,  2)e»  progrh  rScfrUs  dans  la  tMorie  de  la  vition, — Jtevue  dm 
amrs  acieniifiques^  Paris,  1868-1869,  tome  vi.,  p.  217. 

*  The  name  uvea  was  applied,  at  one  time,  to  the  choroid  with  the  iris,  again 
to  tlie  iris  alone,  and  again  to  the  posterior,  or  pigmentary  layer  of  the  iris.  To 
avoid  confusion,  this  term  will  not  be  again  used. 
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the  siihstaiice  of  the  iris.  It  is  composed  of  connective  tissue, 
Tnuscitlur  fibres  of  the  nun^&triated  variety,  numerous  l>lood- 
vessek,  and,  probably,  uer^^e-tenninations.  From  a  physio- 
logical point  of  view,  the  arrangement  of  the  muscular  fibres 
is  the  most  interesting.  Directly  surrounding  the  pupil, 
forming  a  band  about  -^  of  an  inch  in  width,  is  a  kyer  of 
non-striated  muscidar  fibres,  called  tlie  sphincter  of  the  iris. 
The  existence  of  these  fibres  is  admitted  by  all  anatomists. 
It  is  different,  however,  for  the  radiating  rau^nlar  fibres* 
Moot  anatomists  destTibe,  in  addition  to  the  sphincter,  fibres 
of  the  same  variety,  wliich  can  be  traced  from  near  the  great 
circnuiferenc©  of  the  iris  almost  to  its  pupillary  border,  lying 
both  in  front  of  and  belli iid  the  circular  fibres,  which  are,  as 
it  were,  enclosed  between  them,  A  few  observers  deny  that 
these  fibres  are  muscidar ;  but  they  recognize  a  thick  muscular 
layer  surrounding  the  arteries  of  the  iris.  This  is  merely  a  que^s- 
tion  of  obeervation ;  but  the  weight  of  anatoniicid  authority 
is  greatly  in  favor  of  the  existence  of  the  i^diating  fibres ;  and 
their  presence  explains  certain  of  the  phenomena  of  dilatation 
of  the  iris  which  would  otherwise  be  difficult  to  miderstaud. 

The  blood-vessela  of  the  iris  are  derived  from  the  arteries 
of  tlie  choroid,  the  long  posterior  ciliary,  and  the  anterior 
ciliary  arteries.  The  long  ciliary  arteries  are  two  branches, 
runuLQg  along  the  sides  of  the  eyeball  between  the  sclerotic 
and  choroid,  to  form,  finally,  a  circle  surrounding  the  iris. 
The  anterior  ciliary  arteries  are  derived  from  the  muscnlar 
branches  of  the  ophthalmic.  They  penetrate  the  sclerotic  a 
little  behind  the  iris,  and  join  the  long  ciliary  arteries  in  the 
vascular  circle.  From  this  circle,  the  vessels  branch  and  pasa 
into  the  iris,  to  form  a  smaller  arterial  circle  around  the  pupil. 
The  veins  from  the  iris  empty  into  a  circular  sinus  situated 
at  the  junction  of  the  comea  with  the  sclerotic.  This  is 
eoraetinies  spoken  of  aa  the  circular  venous  sinus,  or  the  canal 
of  Schleranu 

The  nerves  of  tlie  iris  are  the  long  ciliary,  from  the  fifth 
cranial,  and  the  short  ciliar)'^  from  the  ophthaknic  ganglion. 
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Pupillary  Memlra/ne. — ^At  a  certain  period  of  foetal  life, 
the  pupil  is  closed  by  a  membrane  connected  with  the  lesser 
circmnference  of  the  iris,  called  the  pupillary  membrane. 
This  is  not  distinct  during  the  first  months ;  but,  between  the 
third  and  the  fourth  months,  it  is  readily  seen,  and  is  most 
apparent  at  the  sixth  month.  The.  membrane  is  thin,  trans- 
parent, and  completely  separates  the  anterior  from  the  pos- 
terior chamber  of  the  eye.  It  is  provided  with  vessels  de- 
rived from  the  arteries  of  the  iris,  anastomosing  with  each 
other  and  turning  back  in  the  form  of  loops  near  the  centre. 
At  about  the  seventh  month,  it  begins  to  give  way  at  the 
centre,  gradually  atrophies,  and  generally  scarcely  a  trace  of 
it  can  be  seen  at  birth. 

lietina. — The  retina  is  described  by  anatomists  as  the 
third  tunic  of  the  eye.  It  is  closely  connected  with  the  optic 
nerve,  and  the  most  important  structures  entering  into  its 
composition  are  probably  continuous  with  prolongations  from 
the  nerve-cells.  This  is  the  membrane  endowed  with  the 
special  sense  of  sight,  the  other  structures  in  the  eye  being 
accessory. 

There  is  probably  no  special  tissue  in  the  organism  that  has 
been  the  subject  of  anatomical  investigations  so  minute  and 
elaborate  as  those  made  of  late  years  upon  the  retina.  This 
membrane  is  divided  by  some  observers  into  no  less  than  eight 
distinct  layers,  each  of  which  may  be  f oimd  described  in  spe- 
cial treatises,  with  the  greatest  minuteness  of  detail.  It  is 
true  that  a  knowledge  of  the  physiological  anatomy  of  the 
retina  is  indispensable,  in  the  study  of  vision ;  but,  in  the  com- 
plex structure  of  this  membrane,  there  are  parts  that  seem  to 
be  the  actual  recipients  of  visual  impressions,  while  others 
are  more  or  less  accessory.  In  our  anatomical  descriptions, 
we  shall  endeavor  to  avoid  the  tediousness  of  unnecessary  de- 
tail, and  shall  treat  elaborately  of  those  anatomical  elements 
only  that  are  directly  concerned  in  the  sense  of  sight. 

If  the  sclerotic  and  choroid  be  removed  from  the  eye  un- 
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der  water^  the  retina  is  seen,  in  perfectly  fresh  specimens,  in 
the  form  of  an  exceedingly  delicate  and  tmnsparent  mem- 
bmue  covering  the  posterior  portion  of  the  vitreons  humon 
A  short  time  after  death,  it  becomes  slightly  opaline.  It 
extends  over  the  posterior  jwrtion  of  the  eyeball  to  a 
distance  of  about  ^  of  an  inch  behind  the  ciliary  processes. 
When  torn  from  its  anterior  attachment,  it  presents  a  finely- 
eerrated  edge,  called  tlie  ora  aerrata.  This  edge  adheres  very 
closely,  by  mutual  interlacement  of  fibres,  to  the  zone  of 
Zinn,  In  the  middle  of  the  membrane,  its  thickness  is  about 
yJ^  of  an  inch.  It  becomes  thinner  near  the  anterior  mar- 
gin, where  it  meaanres  only  about  ^^  of  an  inch.  Its  ex- 
ternal surface  is  in  contact  with  the  choroid,  and  its  internal, 
with  the  hyaloid  membrane  of  the  vitreous  humor. 

The  optic  nerve  penetrates  the  retina  about  i  of  an  inch 
within  and  ^  of  an  inch  below  the  anten>posterior  aicis  of 
tlio  glolie,  presenting,  at  this  point,  a  small,  rounded  eleva- 
tion upon  the  internal  surface  of  the  membrane,  perforated 
in  ita  centre  for  the  passage  of  the  central  artery  of  the  retina. 
At  from  -j^  to  J  of  an  inch  external  to  the  pouit  of  pene- 
tration of  the  nerve,  is  an  elliptic  spot,  its  long  diameter  being 
horizontal,  about  i  of  an  inch  long  and  ^  of  an  inch  broad, 
called  the  yellow  spot  of  Sommerring,  or  the  macida  lutea. 
hi  the  centre  of  this  spot,  is  a  depression,  called  the  fovea  cen- 
tralis.  This  depression  is  exactly  in  the  axis  of  vision.  The 
bUow  B])ot  exists  only  in  man  and  the  quadrumana. 

The  layers  of  the  retina  which  present  the  greatest  phjsi- 
ologieal  interest  are  the  external  luyer,  formed  of  mds  and 
cones,  the  layer  of  nerve-cells,  and  the  filaments  which  con 
nect  the  rods  and  cones  with  the  cells.  These  are  the  only 
anatomical  elements  of  the  retina,  as  far  as  we  know,  that  are 
directly  concerned  in  the  reception  of  optical  impressions,  and 
they  will  be  described  rather  minutely,  wliile  the  intermediate 
layers  will  be  considered  more  briefly. 

Most  modem  anatomists  recognize  eight  distinct  layers  in 
the  retina,  as  follows : 
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1.  An  external  layer,  situated  next  the  choroid,  called  Ja- 
cob's membrane,  the  bacillar  membrane,  or  the  layer  of  rods 
and  cones. 

2.  The  external  grannie-layer. 

3.  The  inter-grannle  layer  (cone-fibre  plexus,  of  Hulke). 

4.  The  internal  granule-layer. 

5.  The  granular  layer. 

6.  The  layer  of  nerve^^lls  (ganglion-layer). 

7.  The  expansion  of  the  fibres  of  the  optic  nerve. 

8.  The  limitary  membrane. 

The  layer  of  rods  and  cones  is  composed  of  rods,  or  cylin- 
ders, extending  through  its  entire  thickness,  closely  packed, 
and  giving  to  tiie  external  surface  a  regular,  mosaic  appear- 
ance ;  and,  between  these,  are  a  greater  or  less  number  of  flask- 
shaped  bodies,  the  cones.  This  layer  is  about  y}^  of  an  inch 
in  thickness  at  the  middle  of  the  retina;  ^Jir  ^^  ^^  iridic 
about  midway  between  the  centre  and  the  periphery;  and, 
near  the  periphery,  about  ^^  of  an  inch.  At  the  macula 
lutea,  the  rods  are  wanting,  and  the  layer  is  composed  en- 
tirely of  cones,  which  are  here  very  much  elongated.  Over 
the  rest  of  the  membrane,  the  rods  predominate,  and  the 
cones  become  less  and  less  numerous  toward  the  periphery. 

The  rods  are  regular  cylinders,  their  length  corresponding 
to  the  thickness  of  the  layer,  terminating  above  in  truncated 
extremities,  and  below  in  points,  which  are  probably  continu- 
ous with  the  filaments  of  connection  with  the  nerve-cells, 
though  they  have  been  actually  traced  only  into  the  exter- 
nal granule-layer.  Their  diameter  is  about  Yjhs^  ^^  ^^  ^c^- 
They  are  clear,  of  rather  a  fatty  lustre,  soft  and  pliable,  but 
somewhat  brittle,  and  so  alterable  that  they  are  with  difficulty 
seen  in  a  natural  state.  They  should  be  examined  in  perfect- 
ly fresh  preparations,  moistened  with  liquid  from  the  vitreous 
humor  or  with  serum.  Their  intimate  structure,  as  well 
as  that  of  the  cones,  has  recently  been  very  closely  studied, 
especially  by  Grerman  anatomists.*  TVTien  perfectly  fresh,  it 
'  An  excellent  reyiew  of  the  recent  investigations  into  the  anatomy  of  the 
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is  difficult  to  make  out  any  thing  but  km  entirely  homogene- 
ous structure ;  but  shortly  after  death  each  rod  seems  to  be 
divided  by  a  delicate  line  into  an  outer  and  an  inner  eeg- 
ment,  the  outer  being  a  little  thef  longer.  At  the  upper  ex- 
tremity of  tlie  inner  segment,  is  a 
hemispherical  body,  with  its  con- 
Texity  presenting  inward,  called 
the  lentiform  body  {linmnformi' 
ger  Korper).  The  entire  inner 
segment  is  somewhat  granular, 
and  often  presents  a  granular  nu- 
cleus at  its  inner  extremitj\  The 
outer  segment  apparently  differs 
in  its  constitution  from  the  inner 
segment,  and  \&  not  similarly  af- 
fected by  reagents.  Treated  with 
dilute  acetic  acid,  the  outer  seg- 
ment becomes  broken  up  trans- 
Terselv  into  thin  disks.  These 
points  in  the  anatomy  of  the  rods 
are  referred  to  particularly,  for 
the  rejiiK>n  that  they  have  lately 
been  used  as  an  anatomical  basis 
for  a  theory  of  the  perception  of 
colors/  They  can  be  readily  un- 
derstood by  reference  to  Fig.  2, 

The  cones  are  probably  of  the  same  constitution  as  the 
rods,  but  that  portion  called  the  inner  segment  is  pyriform. 
The  straight  portion  above  (the  outer  segment)  is  sometimes 
lied  the  cone-rod.     The  entire  cones  are  about  half  the 

fvCioa  b  to  be  fotind  in  the  Journal  de  VanaiomUy  Paris,  1SS9,  tome  ¥i.,  pp.  438, 
MS,  648.  Afi  rcgariia  the  etnicturo  of  ibe  rods  and  conea,  the  views  of  Schultze 
arf  now  pretty  generally  accepted  by  anatomisU.  (Scsultze,  Uebtr  Sf^bchm  und 
Z^pfm  der  l^im. — Arihiv  fir  niikroikopUehe  jlnofomie,  Boon,  18ft 7,  Bd.  iii., 

'  Zjwkwi,  Vertti^  dner  Theorie  der  Farhen-Ptrc^Hoii^ — Af^nfir  nHkrO' 
§fOpitcke  Anaioniie,  Bouti,  1S67,  Bd.  iil,  8.  248,  H  teq. 


From  the  mi^Vfj~A 
cemtlnD  In  todUfld 


„  Bodi,  AJtiir  ixw* 
scnun,  th«  outer 
•e^iDcnt  {b")  tnuicatMS,  tb0laii«r»e«- 
meDt  (/]>  com^lfltftd,  gnoQltr,  lod 
nocDUwbat  Hwolloti;  o,  Qtonieiit  of 
tbo  rod»;  d,  oneleua.  J?.  Bod«  from 
Ibo  frofT.  \,  Fre«b,  inainfllfl«MJ  600 
dlAin^ten,  a^  inoor  M^ipxit ;  &, 
ontcr  Begmeat;  *%  Tinfifiriii  ThmIit; 
d^  DUCleDi.     ?  lt4 

•eettcaddnnil  s, 

from  S-  res.     (KOlu^ 
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length  of  the  rods,  and  occupy  the  inner  portion  of  the  layer. 
The  outer  segment  is,  in  its  constitution,  precisely  like  the 
outer  segment  of  the  rods.  The  inner  segment  is  slightly 
granular  and  contains  a  nucleus.  The  cones  are  connected 
below  with  filaments  passing  into  the  deeper  layers  of  the 
retina.  The  arrangement  of  the  rods  and  cones  is  seen  in 
Fig.  3,  which  shows  the  different  layers  of  the  retina. 

At  the  fovea  centralis,  the  external  layer  is  composed  en- 
tirely of  immensely  elongated  cones,  with  no  rods.  These  are 
slightly  increased  in  thickness  at  the  macula  lutea,  but  are 
diminished  again  in  thickness,  by  about  one-half,  at  the  fo- 
vea centralis.*  At  the  fovea,  the  optic  nerve-fibres  are  want- 
ing ;  the  ganglion-cells,  which  are  elsewhere  over  the  retina 
in  a  single  layer,  here  present  from  six  to  eight  layers,  ex- 
cept at  the  very  centre,  where  there  are  but  three  layers. 
Of  the  layers  between  the  cones  and  the  ganglion-cells,  the 
external  granule-layer  and  the  inter-granule  layer  (cone-fibre 
plexus)  remain,  in  the  fovea,  while  the  internal  granule-layer 
and  the  granular  (molecular)  layer  are  wanting.  At  the  fo- 
vea, indeed,  those  elements  of  the  retina  which  may  be  re- 
garded as  purely  accessory  seem  to  disappear,  leaving  only 
the  structures  that  are  concerned  directly  in  the  reception  of 
visual  impressions. 

The  external  granule-layer  is  composed  of  large  granules, 
looking  like  cells,  which  are  each  nearly  filled  with  a  single- 
nucleus.  These  are  connected  with  the  filaments  from  the 
rods  and  cones.  They  are  rounded  or  ovoid,  and  measure 
from  ^g^^p  to  TnjVir  ^^  *^  ^^^  ^  diameter.  The  inter- 
granule  layer  (cone-fibre  plexus)  is  composed  apparently  of 
minute  fibrilhe  and  a  few  nuclei.  The  internal  granule-layer 
is  composed  of  cells  nearly  like  those  of  the  external  granule- 
layer,  but  a  little  larger,  and  probably  connected  with  the 
filaments  of  the  rods  and  cones.  The  granular  (molecular) 
layer  is  situated  next  the  layer  of  ganglion-cells. 

The  layer  of  ganglion-cells  is  composed  of  multipolar 

1  ScHULTZi,  Zur  Aftatomie  vnd  Phynologie  der  Retina.  Bonxif  1868,  &  62l 
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ceDe,  like  those  in  the  brain,  measuring  from  ^^  ^^  ihf 
of  lui  inch  in  diameter.  In  the  centre  of  the  retina,  at  the 
oiBcula  lutea,  the  cells  present  eight  lay- 
ers, and  they  diminish  to  a  single  layer 
near  the  pei-iphery ,  The  smaller  cells  are 
situated  near  the  centre,  and  the  larger, 
near  the  periphery.  Each  cell  sends  off 
several  filaments  (from  two  to  twenty- 
fiye)  probably  going  to  the  layer  of  rods 
and  cones,  and  a  single  filament,  which 
becomes  continuous  with  one  of  the  fila- 
ments of  the  optic  nerve. 

The  layer  formed  by  the  expansion 

^  ,<rf  the  optic  nerve  is  composed  uf  pale, 

•tem^parent  nerve-fibres,  from  ^f^l^^  to 

iltflfl  of  an  inch  in  diameter.    These 

do  not  call  for  special  description. 

The  limitary  membrane  is  a  delicate 
structure,  with  fine  striae  and  nuclei,  com- 
posed of  connective-tissue  elements.  It 
19  about  ^-^Ij^  of  an  inch  in  tliiekness. 
From  this  membrane,  connective-tissue 
elements  are  sent  into  the  various  layers 
of  the  retina,  and  form  a  framework  for 
the  support  of  the  other  str\ictai*es,* 

As  before  remarked,  the  retina  be- 
eomea  progressively  thinner  from  the 
centre  to  the  periphery.  The  granular 
kjers  and  the  nervous  layers  are  rapidly 
lost  in  the  anterior  half  of  the  membrane. 

The  connection  between  the  rods 
and  cones  and  the  ganglion-cells  may  be 


btunoo  rttjtin.  tnadd  fix 


Uiu»  anterior  to  tb«  oo- 
traspt'  rif  thp  nptir-  xiyire, 
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(KOLunoc,  Jfanuai  of 
Bum  an  MtcroKofHe 
Andxtomu.  Loodaii,  luesk, 
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'  It  la  <ml.T  of  Uto  jeias  ttmt  the  cTonQeedve-tiaiue  etemesto  of  tbe  retioa 
lUkirt  imfB  acearatclj  reco^lzed.  Formerly,  much  confuBion  existed  becatiM 
fbcM  dements  were  oanfoumied  with  the  elemeots  of  tme  oerre-tisiue.  The 
fibril  of  MiUlor  ttndoiobtedl^  belong  to  coimectiTe  tissue. 
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readily  understood  if  we  accept  the  following  explanation : 
The  filaments  from  the  bases  of  the  rods  and  cones  pass  in- 
ward, presenting,  in  their  course,  the  corpuscles  which  we 
have  described  in  the  granule-layers,  and  finally  become,  as  is 
thought,  directly  continuous  with  the  poles  of  the  ganglion- 
cells.  The  cells,  in  their  turn, 
each  send  one  filament  to 
the  layer  formed  by  the  ex- 
pansion of  the. optic  nerve, 
which  is  continuous  with  a 
nerve -fibre.  This  arrange- 
ment is  shown  in  Fig.  4. 

The  arteries  of  the  retina 
branch  from  the  arteria  cen- 
tralis, presenting  a  beauti- 
fully arborescent  appearance 
when  viewed  with  the  oph- 
thalmoscope. They  pass  into 
the  layer  of  gray  nervous  mat- 
ter and  send  tiieir  branches 
to  the  periphery,  where  they 
supply  a  wide  plexus  of  very 
small  capillaries  in  the  ora  ser- 
rata.  The  capillaries  empty 
into  an  incomplete  venous 
circle,  branches  from  which 
pass  back  by  the  sides  of  the 
arteries  to  the  vena  centra- 
lis.   The  macula  lutea  is  pro* 

Scheme  of  the  connection  of  the  rods  and  coDM        _»j^j  «^4.'U  «    -mA^V.    -rx^Anr^^a  ^-P 
with  the  trne  nervous  elements  of  the  retl-        VlQed  Vnth  a   nCU   plCXUS  01 

uhre,  Leipug,  1S67, 8.  m.)  mmutc  capillancs. 


CryataUine  Lens. — The  anatomy  of  the  crystalline  lens, 
as  far  as  it  bears  upon  the  physiology  of  vision,  is  very  sim- 
ple. It  is  a  double-convex  lens,  transparent,  and  exceedingly 
elastic-    It  has  a  function  in  the  refraction  of  the  rays  of 
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fit  analogous  to  the  action  of  convex  lenses  in  optical  in- 
Btroments.  Wlien  we  come  to  study  its  exact  stnicture,  how- 
ever, there  are  many  points  that  are  still  undetermined  and 
somewhat  obscure ;  but,  fortunately,  these  are  not,  as  far  as 
we  now  know,  of  much  physiological  importance.  In  treat- 
ing  of  the  anatomy  of  the  lens,  we  shall  simply  describe  the 
most  prominent  and  the  well-detei-mined  points  in  its  struct- 
nre.  A  complete  account  of  the  arrangement  of  its  compo- 
nent parts  would  necessitate  very  full  and  minute  descrip- 
tions, which  could  only  be  elucidated  by  nmnerous  illustrative 
figures 

The  lens  is  situated  behind  the  pupil,  in  what  is  caEed  the 
hyaloid  fossa  of  the  vitreous  humor,  which  is  exactly  moidded 
to  its  posterior  convexity.  In  the  fijetus,  the  capside  of  the 
lens  receives  a  bnrnch  from  the  arteria  centralis;  but  it  is  non- 
vascular  in  the  adult.  The  anterior  convexity  is  just  behind 
the  iris,  and  the  bordei^s  are  in  relation  with  wimt  is  known 
as  the  suspensory  ligament.  The  convexities  do  not  present 
regidar  curves,  and  they  are  so  subject  to  variations  after 
death  that  the  measurements,  post  mortem,  are  of  little  value. 
During  life,  however,  tliey  have  been  measiu-ed  very  exactly 
in  the  various  conditions  of  accommodation.  These  measure- 
ments wiU  be  discussed  fully  in  connection  with  the  physi- 
ology of  the  lens. 

The  diameters  of  the  lens  in  the  adult  are  about  ^  of  an 
inch  transversely  aud  f  of  an  inch  antero-poBteriorly.  The  con- 
vexity is  greater  on  its  posterior  than  on  its  anterior  surface. 
The  form  is  sufficiently  well  indicated  in  Fig.  5  (p.  67)  accom- 
,|>anying  oiu*  summary  of  the  anatomy  of  the  eye.  In  foetal 
i  life,  the  convexities  of  the  lens  are  much  greater  than  in  the 
adult,  and  its  structure  is  much  softer.  In  old  age,  the  con- 
vexities are  dhninished  and  the  lens  becomes  harder  and 
quite  inelastic,  which  accounts  for  the  progressive  diminu 
tion  in  the  power  of  accommodation. 

The  impoitant  physiological  points  in  the  structure  of  the 
leofi  are  that  it  presents  an  investing  membrane,  the  capsule, 
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the  lens  itself  being  composed  of  layers  of  fibres  of  different 
degrees  of  density. 

The  capsule  of  the  lens  is  an  exceedingly  thin,  transpar- 
ent membrane,  very  elastic,  so  that  when  it  is  torn,  the  force 
of  its  contraction  frequently  expels  its  contents.  This  mem- 
brane is  generally  from  iriW  ^  "nW  ^^  ^^  ^^^  thick ;  but 
it  is  very  thin  at  the  periphery,  measuring  here  only  j^^  of 
an  inch.  Its  thickness  is  increased  in  old  age.  On  the  ante- 
rior portion,  the  capsule  is  lined  with  a  layer  of  exceedingly 
delicate,  nucleated  epithelial  cells.  These  are  situated  on  the 
inner  surface  of  the  membrane.  The  posterior  half  of  the 
capsule  has  no  epithelial  lining.  The  cells  are  regularly  po- 
lygonal, from  jtjVit  ^  tAtt  ^^  ^^  ^^^^  ^^  diameter,  with  laige, 
round  nuclei.  After  death  they  are  said  to  break  down  into 
a  liquid,  known  as  the  liquid  of  Morgagni,  though  by  some 
this  liquid  is  supposed  to  be  exuded  from  the  substance  of 
the  lens.    At  all  events,  the  cells  disappear  soon  after  death. 

If  the  lens  be  viewed  entire  with  a  low  magnifying  power, 
it  presents,  upon  either  of  its  surfaces,  a  star  with  from  nine 
to  sixteen  radiations  extending  from  the  centre  to  about  half 
or  two-thirds  of  the  distance  to  the  periphery.  The  stars 
seen  upon  the  two  surfaces  are  not  coincident,  the  rays  of 
one  being  situated  between  the  rays  of  the  other.  In  the  foe- 
tus, the  stars  are  more  simple,  presenting  only  three  radia- 
tions upon  either  surface.  These  stars  are  not  fibrous,  like 
the  rest  of  the  lens,  but  are  composed  of  a  homogeneous 
substance,  which  extends,  also,  between  the  fibres. 

The  greatest  part  of  the  substance  of  the  lens  is  com- 
posed of  very  delicate,  soft,  and  pliable  fibres,  which  are  trans- 
parent, but  perfectly  distinct.  These  fibres  are  flattened,  six- 
sided  prisms,  closely  packed  together,  so  that  their  transverse 
section  presents  a  regularly-tesselated  appearance.  They  are 
from  :j-^  to  ^hiF  o^  ^  i^ch  broad  and  from  Yjhru  ^  Winr  of 
an  inch  in  thickness.  Their  flat  surfaces  are  parallel  with 
the  surface  of  the  lens.  The  direction  of  the  fibres  is  from 
the  centre  and  from  the  rays  of  the  stellate  figures  to  the 
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periphery,  where  thej  turn  and  pasa  to  the  star  upon  the  oppo* 
fiite  side*  The  outer  layers  of  lihres,  near  the  equator,  or  cir- 
cumference of  the  lens,  are  provided  with  beautifully-distinct, 
oval  nuclei,  with  one  or  two  nucleoli-  These  become  euialler 
it  we  paaa  deeper  into  the  substance  of  the  lens,  and  gradually 
disappear. 

The  regidar  arrangement  of  the  fibres  of  the  lens  makes 
it  possible  to  separate  its  substance  into  layers,  wliieh  have 
been  compared  by  anatomists  to  the  layers  of  an  onion  ;  but 
this  separation  is  entirely  artificial,  and  the  number  of  ap- 
parent layers  depends  upon  the  dexterity  of  the  manipulator. 
It  is  to  be  noted,  however,  that  the  external  portions  of  the 
lens  are  soft,  even  gelatinous,  and  that  the  central  layers  are 
much  harder,  forn^ing  a  sort  of  central  kernel,  or  nucleus. 

The  lens  is  composed  of  a  peculiar  organic  nitrogenized 
substance^  verj'  analogous  to  globuUne,  called  crystalline,  com- 
bined  with  various  inorganic  salts.  One  of  tjie  peculiar  eon- 
fititnents  of  this  body  is  cholesterine.  In  an  examination  of 
four  frcbh  crystalline  lenses  of  the  ox,  we  found  cholesterine, 
in  the  proportion  of  0'9O7  of  a  part  per  1,OOOJ  In  some 
cases  of  cataract,  cholesterine  exists  in  the  lens  in  a  crystal- 
line form  ;  but,  under  normal  conditions,  it  is  united  witli  the 
other  constituents. 


SttspeTisori/  Ligamefit  of  the  Zem  {Zmie  of  Zhm). — TVlien 
we  come  to  the  description  of  the  vitreous  humor,  we  shall 
pee  tliat  it  occupies  about  the  posterior  two-tliirds  of  the 
globe,  and  is  envelopeil  in  a  delicate  capsule,  called  the  hya- 
loid membrane.  In  the  region  of  the  ora  Berrata  of  the 
retina,  this  membrane  divides  into  two  layers.  The  posterior 
layer  lines  the  depression  in  the  vitreous  humor  into  which  the 
lens  IS  received.  The  anterior  layer  passes  forward  toward 
the  lens,  and  divides  into  two  secondary  layers,  one  of  \\'hich 

'  Fu^rr,  Ja.,  Efp^rtmndal  Heffarrfut  into  u  Kttt  Errretort/  Fundinn  of  tfu 
Lhit.^—Amfrieat^  Journal  of  the  Medical  Scienct^^   Fhiiiidelphia,    1S62,  New 
Btt%t$^  TOl  xtir.,  p,  81 S  ;  And,  Bfehereha  erptrimmtalft^  ete.^  ?«m,  18CB,  p.  18 
185 
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passes  forward  to  become  continiiouB  with  the  anterior  por- 
tion of  the  capsule  of  the  lene^  while  the  other  passes  to  the 
posterior  surface  of  the  lens  to  become  contmuous  with  this 
portion  of  its  capsule.  The  anterior  of  these  layers  is  eorru- 
gated^  or  thrown  into  folds  which  correspond  with  the  cili* 
ary  processes,  with  which  it  is  in  contact.  This  corrugated 
portion  ia  called  the  zone  of  Zinn,  The  two  layers  thuaj 
surround  the  lens  and  are  properly  called  its  suspensory 
ligament.  As  the  two  layers  of  the  suspenBory  ligament  sep- 
arate at  a  oertam  distance  from  the  lens,  one  paamig  to  the 
anterior  and  the  other  to  tlie  posterior  portion  of  the  capsule, 
there  remains  a  triangular  canal,  about  ^  of  an  inch  wide, 
surrounding  the  border  of  the  lens,  caUed  the  canal  of  Petit. 
Under  natural  conditions,  the  walls  of  this  canal  are  nearly  in 
apposition  and  it  contains  a  very  small  quantity  of  clear  liquid. 

As  we  have  already  remarked  in  describing  the  retina,  at 
the  ora  serrata,  the  membrane  is  closely  connected^  by  a  mu- 
tual interlacement  of  fibres,  w^th  the  suspensory  ligament- 
It  ifl  important  to  appreciate  clearly  the  relations  of  the  su^ 
pensory  ligament,  in  order  to  understand  the  mechanism  of 
accommodation  of  the  lens  to  \Tsion  at  different  didtances. 
The  ciliary  muscle  being  in  repose,  during  what  is  termed 
the  indolent  condition  of  the  eye,  when  it  is  adapted  to  tisiou 
at  long  distances,  the  tension  of  the  parts  flattens  the  lens ; 
but,  in  the  effort  of  accommodation  for  near  objects,  the 
ciliary  muscle  contracts,  compresses  the  contents  of  the  globe, 
relaxes  the  snspensory  ligament,  and  the  inherent  elasticity 
of  the  lens  renders  it  more  convex.  It  is  by  a  delicate  use 
of  this  muscle,  that  the  proper  adaptation  of  the  curvatures 
of  the  lens  is  obtained. 

The  membrane  forming  the  suspensory  ligament  is  com- 
posed of  pale  longitudinal  and  transverse  fibres  of  rather  a 
peculiar  appearance,  which  are  much  less  affected  by  acetic 
acid  than  the  ordinary  fibres  of  connective  tissue. 


Aqiisoni  JTumar.'-^he  space  bounded  in  front  by  the  ooi^ 
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"^M^  posteriorly  by  the  cxystalliue  len«  and  the  anterior  face 
l^ita  suspensory  ligament,  and,  at  its  circumference,  by  the 
tips  of  the  ciliary  processes,  is  known  as  the  aqueous  cham- 
ber. This  contains  a  clear  liquid,  called  the  aqueous  hu- 
mor. The  iris  separates  this  space  into  two  divisions,  which 
eommimicate  with  each  other  through  the  pupil ;  viz.,  the 
anterior  chamber,  situated  between  the  anterior  face  of  the 
iris  and  the  cornea,  and  the  posterior  chamber,  between  the 
posterior  face  of  the  iris  and  the  crystalline.  It  is  evident^ 
from  the  position  of  the  iris,  that  the  anterior  chamber  ia 
much  the  larger ;  and,  indeed,  the  posterior  surface  of  the  iris 
and  the  anterior  surface  of  the  lens  are  in  contact,  except, 
perhaps,  near  their  periphery  or  when  the  iris  is  very  much 
dilated.  The  liquid  filling  the  ctiambers  of  the  eye  is  said  to 
be  secreted  by  the  blood-vessels  of  the  ciliary  processes ;  at 
aU  events,  it  is  rapidly  reproduced  after  it  has  been  evacuated, 
as  oocura  in  many  surgical  operations  on  the  eye. 

There  is  very  little  to  be  said  concerning  the  properties 
and  composition  of  the  aqueous  humor.  It  is  perfectly  coIop- 
leea  and  transparent,  faintly  alkaline,  of  a  specific  gravity  of 
about  1,005,  and  possesses  the  same  mdex  of  refraction  as 
the  oomea  and  the  vitreous  humor.  As  we  should  infer  from 
ita  low  specific  gravity,  the  aqueous  humor  is  composed  chiefly 
of  water.  It  contains  a  small  quantity  of  an  albimiinoid 
matter,  but  ia  not  rendered  turbid  by  heat  or  other  agents 
which  coagulate  albumen.  Various  inorganic  salts,  the  chlo- 
ridesy  sulphates,  phosphates,  and  carbonates,  exist  in  this 
liquid,  in  small  proportion.  It  contains  also  traces  of  urea 
and  glucose. 


Viiremis  Rumar. — The  vitreous  humor  ia  a  dear,  glassy 
Bj^stance,  occupying  about  the  posterior  two-thirds  of  the 
globe.  It  is  enveloped  in  an  exceedingly  delicate,  structure- 
lesss  capsule,  called  the  hyaloid  membrane,  which  is  about 
^V^fl  of  an  ioeh  in  thickness.  This  in*^mbrane  adheres  pretty 
fitpongly  to  the  limitary  membrane  of  the  retina.    In  front, 
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at  the  ora  serrata,  as  we  have  already  seen,  the  hyaloid  mem- 
brane is  thickened,  and  becomes  continuous  with  the  suspen- 
sory ligament  of  the  lens. 

The  vitreous  humor  itself  is  gelatinous,  of  feeble  con- 
sistence, slightly  alkaline  in  its  reaction,  with  a  specific  gray- 
ity  of  about  1,005.  Upon  section,  there  oozes  from  it  a 
watery  fluid  of  a  slightly  mucilaginous  consistence.  This 
humor  is  not  affected  by  heat  or  alcohol,  but  is  coagulated  by 
certain  mineral  salts,  more  especially  the  acetate  of  lead. 
When  thus  solidified,  it  presents  regular  layers,  like  the  white 
of  an  egg  boiled  in  its  shell ;  but  these  are  artificial.  In  the 
embryon,  the  vitreous  humor  is  divided  into  numerous  little 
cavities,  and  contains  cells  and  leucocytes.  It  is  also  pene- 
trated by  a  branch  from  the  central  artery  of  the  retina,  which 
passes  through  its  centre  to  ramify  on  the  posterior  surface 
of  the  crystalline  lens.  This  structure,  however,  is  not  found 
in  the  adult,  the  vitreous  humor  being  then  entirely  without 
blood-vessels. 

There  is  still  considerable  difference  of  opinion  with  re- 
gard to  the  structure  of  the  vitreous  humor  in  the  adult; 
some  anatomists  believing  that  it  is  perfectly  homogeneous 
and  that  the  so-called  laminsd  are  produced  only  by  the  action 
of  reagents,  while  others  state  that  it  is  divided  into  com- 
partments, by  processes  penetrating  from  and  connected  with 
the  hyaloid  membrane.  The  weight  of  authority  is  decidedly 
in  favor  of  a  subdivision  of  the  humor  into  compartments 
formed  by  delicate  membranes  radiating  from  the  point  of 
penetration  of  the  optic  nerve  to  the  anterior  boundary  where 
the  hyaloid  membrane  is  in  contact  with  the  capsule  of  the 
lens.  In  this  way,  the  humor  is  divided  up,  something  like 
the  half  of  an  orange,  by  about  one  hundred  and  eighty 
membranous  processes  of  extreme  delicacy,  which  do  not  in- 
terfere with  its  transparency. 

Summary  of  the  Anatomy  of  ihs  Globe  of  the  Eye. 
For  the  intimate  structure  of  the  various  ooats  of  the  eye, 
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their  dimenBions,  etc.,  the  reader  is  referred  to  the  descrip- 
tions just  given  of  these  parts.  In  this  giiminary,  we  propose 
simply  to  show  the  relations  of  the  Tarious  parts,  giving,  at 
tlie  same  time,  a  brief  statement  of  their  physiological  im- 
fiortance.  This  end  will  l>e  attained  by  a  full  explanation  of 
Fig.  5,  which  represents  a  section  of  the  himian  eye,  and 
shows  the  relations  of  its  various  coats,  humors,  etc. 
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of  the  knstso  «fe,  taken  Ihum  Helmbolu  ind  tiiffliUy  modUlid.    (i?«rtM  cf«i  c^uff 


The  eyeball  is  nearly  sphericjil  in  its  posterior  five-sixths, 
itj*  anterior  sL\th  being  fonned  of  the  segment  of  a  smaller 
sphere,  which  is  slightly  projecting.  The  posterior  tive-sbcths 
presGfnts  the  following  coats,  indicated  in  the  figure : 
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S,  The  sclerotic  j  a  dense,  fibrous  membrane,  chiefly  for 
tlie  protection  of  the  more  delicate  stnietiires  of  the  globe, 
and  giving  attachment  to  the  muscles  which  move  the  eje- 
balL  Attached  to  the  sclerotic,  are  the  tendons  of  B,  the 
recti  mujacles. 

Cor,  The  cornea;  a  transparent  structure,  forming  the 
anterior,  projecting  sixth  of  the  globe ;  dense  and  resisting, 
allowing,  however,  the  passage  of  light ;  covered,  on  its  con- 
vex surface,  with  several  layers  of  transparent  epithelial  eeUsi 
and,  on  its  posterior  surface,  with  the  membrane  of  the  aque- 
ous humor. 

Cho,  The  choroid  coat,  lining  the  sclerotic  and  extending 
only  as  far  forward  as  the  cornea ;  connected  with  the  scle- 
rotic by  loose  connective  tissue^  in  which  ramify  blood-vessels 
and  nerves,  and  presenting  an  external,  vascular  layer  and  an 
internal,  pigmentary  layer,  which  latter  gives  its  character- 
istic dark-brown  color. 

C.  P,  The  ciliary  processes ;  peculiar  folds  of  the  choroid^ 
which  form  its  anterior  border,  and  wliich  embrace  the  folds 
of  the  suspensoi^"  ligament  of  the  lens. 

C  M.  Tlie  ciliarj^  muscle,  formerly  called  the  ciliary  liga- 
ment ;  a  muscular  ring,  situated  just  outside  of  the  ciliary 
proceeaeSp  arising  from  the  circular  line  of  junction  of  the 
sderotio  with  the  cornea,  and  passiug  over  the  ciliary  pro- 
cesses, to  become  lost  in  the  fibrous  tissue  of  the  choroid. 
This  is  sometimes  eaUed  the  tensor  of  the  choroid.  Its  action 
IS  to  tighten  the  choroid  over  the  vitreous  humor,  relax  the 
ciliary  processes  and  the  suspensory  ligament  of  the  lens, 
when  the  lens,  by  virtue  of  its  elasticity,  becomes  more  con- 
vex. The  ciliary  muscle  is  the  active  agent  in  accommoda- 
tion. In  the  figure,  the  mechanism  of  accommodation  is 
shown  by  the  dotted  lines,  which  represent  the  suspensory 
ligament  rekxed  by  the  contraction  of  the  ciliary  muscle,  and 
the  leoSj  increased  in  its  convexity,  pushing  forward  the  iris. 

I-  The  iris ;  dividing  the  space  in  front  of  the  lens  into 
two  chambers  occupied  by  the  aqueous  humor :  (A)  The  an- 
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tenor  cliamber  is  much  the  larger*  The  'uh,  in  its  central 
portion  surrounding  the  pupil  (P),  is  in  contact  with  the  lens. 
Its  circumference  is  just  in  front  of  the  line  of  origin  of  the 
ciliary  muscle. 

Ret  The  retina;  an  exceedingly  delicate^  transparent 
membrane,  lining  the  choroid  and  extending  to  about  -^  of 
an  inch  behind  the  ciliary  processes,  the  anterior  margin  form- 
ing the  ora  serrata.  O.  Th^  optic  nerve  penetrating  the 
rertina  a  little  internal  to  and  below  the  antero -posterior 
axis.  The  layer  of  rods  and  cones  is  situated  externally, 
next  the  choroid.  Internal  to  the  layer  of  rods  and  cones, 
are  the  four  granular  layers ;  next,  the  layer  of  nerve-cells ; 
next,  the  expansion  of  the  fibres  of  the  optic  nerve ;  and 
next,  in  apposition  with  the  hyaloid  membrane  of  the  vitre- 
ous humor,  is  the  limitary  membrane.  The  layer  of  rods 
and  cones  is  supposed  to  be  the  portion  which  receives  visual 
impressions^  the  rods  and  cones  being  connected  with  the 
nerve-cells,  and  through  them  with  the  fibres  of  the  optic 
nerve,  by  delicate  fiJaments.  The  macula  Intea  and  the  fo- 
vea centralis  are  exactly  in  the  axis  of  vision. 

C*  The  crystalline  lens;  elastic,  transparent,  enveloped 
in  ltd  capsule  and  surrounded  by  S.  L,,  the  suspensory  liga- 
ment. 

S.  L  The  suspensory  ligament ;  the  anterior  layer  con- 
nected with  the  anterior  portion  of  the  capsule  of  the  lens, 
and  the  posterior,  with  the  posterior  portion  of  the  capsule. 
The  folded  portion  of  this  ligament,  which  is  received  be- 
tween the  folds  of  the  ciliary  processes,  is  called  the  zone  of 
Zinn.  The  triangular  canal  between  the  anterior  and  the  pos- 
terior layers  of  the  suspensory  ligament  and  surroundiog  the 
equator  of  the  lens  is  called  the  canal  of  Petit, 

V.  The  vitreous  humor;  enveloped  in  the  structureless 
hyaloid  membrane,  which  membrane  is  continuous  in  front 
with  the  suspensory  ligament  of  the  lens. 


CHAPTER  IV. 

BEFRACnON  IN  THE  ETE. 

The  eye  as  an  optical  instniment— Laws  of  refiraction,  dispersion,  etc^  bearing 
upon  the  physiology  of  vision — ^Angle  alpha — ^Theories  of  light — Dieociei 
of  colors — Color-blindness — ^Refraction  by  lenses — ^Myopia  and  hypenne- 
tropia — Spherical  aberration — Chromatic  aberration — ^FormatioQ  of  images 
in  the  eye— Area  of  distinct  vision — ^Punctnm  cecnm — Mechanism  of  re- 
fraction in  the  eye— Refraction  by  the  cornea — ^Refraction  by  the  ctystal- 
line  lens — Simple,  schematic  eye — ^Astigmatism. 

It  is  simply  impossible  to  obtain  a  clear  idea  of  the  pbysi- 
ologj  of  vision  without  having  caref oUj  studied  the  physio- 
logical anatomy  of  the  visual  organs ;  and,  for  this  reason,  we 
have  been  as  exact  as  possible  and  somewhat  minute  in  our 
description  of  the  structure  of  the  eye.  If  the  student  will 
carefully  study  the  anatomy  of  the  parts,  a  very  succinct 
statement  of  some  of  the  well-established  laws  of  refraction 
will  render  the  physiology  so  simple  that  it  wiU  follow  at 
most  without  explanation. 

In  apjdying  the  laws  of  the  refraction  of  light  to  the 
transparent  media  of  the  eye,  it  is  necessary  to  bear  in  mind 
certain  general  facts  with  regard  to  vision,  that  have  as  yet 
been  referred  to  either  very  briefly  or  not  at  all. 

The  eye  is  not  by  any  means  a  perfect  optical  instrument, 
looking  at  it  from  a  purely  physical  point  of  view.  This 
statement,  however,  should  not  be  understood  as  implying 
that  the  arrangement  of  the  organs  of  vision  is  not  such  as  to 
adapt  them  perfectly  to  the  functions  which  they  have  to  per- 
form in  connection  with  the  proper  appreciation  of  visual  im- 
pressions. By  physical  tests,  it  can  be  demonstrated  that  the 
eye  is  not  entirely  achromatic ;  but,  in  ordinary  vision,  the 
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Jispersion  of  colors  is  not  appreciated/  There  is  but  a  single 
point  in  tlie  retina,  tbe  fovea  centralis,  where  vision  is  abso- 
lutely distinct ;  and  it  is  upon  this  point  that  images  are  made 
to  fall  when  the  eve  is  directed  toward  any  particular  object. 

It  is  curious  to  note,  however,  that  the  refracting  appa- 
ratus is  not  exactly  centred,  a  condition  so  essential  to  the 
satisfactory  performance  of  our  most  perfect  optical  instru- 
ments. For  example,  in  a  compoimd  microscope  or  a  tele- 
scope, the  centres  of  the  different  lenses  entering  into  the  con- 
struction of  the  instrument  are  all  situated  in  a  straight  line. 
Were  the  eye  a  perfect  optical  instrimaent,  the  line  of  vision 
would  coincide  exactly  with  the  axis  of  the  cornea ;  but  this 
is  not  the  case.  The  visual  line  (a  line  drawn  from  an  ob- 
ject to  its  image  on  the  fovea  centralis)  deviates  from  the 
axis  of  the  eomea,  in  normal  eyes,  to  the  nasal  side.  The 
visual  line,  therefore,  forms  an  angle  with  the  axis  of  the 
eomea ;  and  tliis  is  known  as  the  angle  alpha.  This  deviation 
of  the  visual  line  from  the  mathematical  centre  of  the  eye  is 
obserred  both  in  the  horizontal  and  in  the  vertical  planes. 
♦*  The  horiJEontal  deviation  varies  from  two  to  eight  de- 
grees {Sehuennatt)^  the  vertical,  frum  one  to  three  degrees 
{Mandelstm^imy^  *  Of  course,  this  want  of  exact  centra- 
tion  of  the  optical  apparatus,  in  normal  eyes,  does  not  prao- 
lieally  affect  dit^tinct  vision,  for,  when  the  eyes  are  directed 
toward  any  object,  this  object  is  brought  in  the  line  of  the 
visual  axis;  but  the  angle  alplia  is  an  important  element  to 
te  taken  into  aeot:)unt  in  various  mathematical  calculations 
connected  with  the  physics  of  the  eye. 

The  field,  or  area  of  distinct  visioUj  is  quite  restricted ; 
but,  were  it  larger,  it  is  probable  that  the  mind  would  become 
confused  with  the  extent  and  variety  of  the  impi-essions,  and 
that  we  should  l:>e  unable  m  easily  to  observe  minute  details 
and  tix  the  attention  upon  small  objects. 

>  EttimoLfX,  OpHqu^  phtftioloffit/Hf^  Paris »  1867,  p,  178. 

^  BrtLL^Aa  TON  Caxiok,  Tymtke  o»  the  Dheaset  of  the  E^  New  York,  1S6§, 
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While  we  see  certAin  objects  with  absolute  distinctness  in 
a  restricted  field,  the  angle  of  vision  is  very  wide,  and  rays  of 
light  are  admitted  from  an  area  equal  nearly  to  the  half  of  a 
sphere.  Such  a  provision  is  eminently  well  adapted  to  oar 
requirements.  We  du'ect  the  eyes  to  a  particular  point  and 
see  a  certain  object  distinctly,  getting  the  advantage  of  an 
image  in  the  two  eyes  exactly  at  the  points  of  distinct  vision ; 
the  rays  coming  from  without  the  area  of  distinct  vision  are 
received  upon  different  portions  of  the  surface  of  the  retiuA 
and  produce  an  impression  more  or  less  indistinct,  not  inter- 
fering ^^-ith  the  observation  of  the  particular  object  to  which 
the  attention  is  for  the  moment  directed;  bat  even  while 
looking  intently  at  any  object,  the  attention  may  be  attracted 
by  another  object  of  an  unusual  character*  which  might,  for 
example,  convey  an  idea  of  danger,  and  the  point  of  distinct 
vision  can  be  turned  in  its  direction.  Thus,  while  we  see 
distinctly  but  few  objects  at  one  time,  the  area  of  indistinct 
vision  is  immense;  and  our  attention  may  be  readily  di- 
rected to  unexpected  or  unusual  objects  that  may  come  with- 
in any  portion  of  the  field  of  Wew.  The  small  extent  of  the 
area  of  distinct  vision,  especially  for  near  objects,  may  be 
readily  appreciated  if  we  watch  a  person  attentively  reading 
a  book,  when  the  eyes  will  be  seen  to  follow  the  hues  from 
one  side  of  the  page  to  the  other  with  perfect  regularity* 
When  we  consider  that,  in  addition  to  these  remarkable  qual- 
ities, which  are  never  thought  of  in  artificial  optical  instru* 
ments,  the  eye  may  be  accommodated  at  will,  \^^th  the  most 
exquisite  nicety,  to  vision  at  different  distances,  and  that  we 
possess  correct  appreciation  of  form,  etc.,  by  the  use  of  the 
two  eye^,  it  is  evident  that  the  organ  of  vision  gains  rather 
than  loses  in  comparison  with  the  most  perfect  instruments 
that  ever  have  been^  or  probably  ever  will  be  constructed. 

Laws   of  Befradiof^  Dispersion^  ete.^  hearing  upon  ih§ 
Physiology  of  Vuum. 

In  the  present  state  of  physiological  science,  we  have  lit- 
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tie  to  do  with  the  theory  of  light,  except  as  regards  the  modi- 
fications of  himinous  rays  in  passing  through  the  refracting 
media  of  the  eye.  It  will  be  BuflScient  to  state  that  nearly 
all  physicists  of  the  present  day  agree  in  accepting  what  is 
known  as  the  theory  of  undulation,  rejecting  in  toto  the  euiis- 
Bion-theory  proposed  by  Newton.  Newton  supposed  tliat  all 
luminous  bodies  gave  off  inconceivably  small  particles  capable 
of  traversing  space  with  wonderfid  rapidity  and  of  penetrat- 
ing transparent  bodies.  This  view  was  at  first  very  generally 
accepted ;  but,  as  scientific  facts  accumulated,  it  was  found  to 
be  opposed  to  many  optical  phenomena,  and  the  theory  of 
undulation  now  takes  its  place.  It  is  necessary  to  the  theory 
of  undulation  to  assume  that  all  space  and  all  transparent 
bodies  are  permeated  with  what  has  been  called  a  luminifer- 
ous  ether ;  and  that  light  is  propagated  by  a  vibration  or  un- 
dulation of  this  hypothetical  substance.  This  theory  assimi- 
lates light  to  sound,  in  the  mechanism  of  its  propagation ; 
but,  in  sound,  the  waves  are  supposed  to  be  longitudinal,  or  to 
follow  the  line  of  propagation,  while  in  light  the  particles  are 
supposed  to  vibrate  transversely,  or  at  right  angles  to  the  line 
of  propagation.  It  must  be  remembered,  however,  that  the 
nndulatory  theory  of  sound  is  capable  of  positive  demonstra- 
tion, and  that  the  propagation  of  sound  by  waves  can  only 
take  place  through  ponderable  matter,  the  vibrations  of  which 
can  always  be  observed ;  whOe  luminous  vibrations  involve 
the  existence  of  an  imponderable  and  purely  hypothetical 
ether.  It  is  possible,  indeed,  that  scientitic  facts  may,  m  the 
future,  render  the  existence  of  such  an  ether  improbable  or  its 
supposition  unnecessary ;  but,  at  present,  all  we  can  say  is 
that  the  theory  of  luminous  undulation  is  entirely  in  accord 
with  the  optical  phenomena  that  have  thus  far  been  rec- 
ognized. 

The  different  calculations  of  physicists  with  regard  to  the 
velocity  of  light  have  been  remarkably  uniform  in  their  re- 
salts.  The  lowest  calculations  put  it  at  about  185,000  miles 
in  a  second,  and  the  highest,  at  about  195,000  miles.    The 
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rat©  of  propagation  is  usually  assumed  to  be  about  192,000  ^ 
miles. 

The  intensity  of  light  is  in  proportion  to  the  amplitude 
of  the  Tibrationg.  The  intensity  diminishes  as  the  distance 
of  the  laminons  body  increases,  and  is  in  inverse  ratio  to  the 
square  of  the  distance. 

In  the  theoTT  of  the  colors  into  which  pure  white  light 
may  be  decomposed  by  prisms^  it  is  asfiumed,  as  a  matter  of 
demonstration,  that  the  wares  of  the  different  colors  of  the 
solar  spectrum  are  not  of  the  same  length.     The  decomposi- 
tion of  light  is  produced  by  differences  in  the  refrangibility 
of  the  different  colored  rays  as  they  pass  through  a  denser  j 
medium  than  the  air.     The  differences  in  the  wave-length*  j 
for  different  colors  is  very  simply  set  forth  by  Tyndall  afl! 
follows : 

*'  The  color  of  light  is  determined  solely  by  its  wave- 
length. The  ether-waves  ^^ually  diminish  in  length  from 
the  I'ed  to  the  violet.  The  length  of  a  wave  of  red  light  is 
^bout  g-yj^yy  of  an  inch ;  that  of  the  wave  of  violet  light  ia  i 
about  g^^fl^^  of  an  inch.  The  waves  which  produce  the  other 
colors  of  the  spectrum  lie  between  these  extremes. 

"  The  velocity  of  light  being  192,000  miles  in  a  second, 
if  we  multiply  this  niniil>er  by  39,000,  we  obtain  the  num- 
ber of  waves  of  red  light  in  192,000  miles ;  the  product  is 
474,439,680,000^000.  All  of  these  waves  enter  the  eye  in  a 
second.  In  the  same  interval  699,000,000,000,000  waves  of 
violet  light  enter  the  eye.  At  tins  prodigious  rate  is  the 
retina  hit  by  the  waves  of  light. 

"  Colon  in  fact,  is  to  light,  what  pitch  is  to  sound.  The 
pitch  of  a  note  depends  solely  on  the  number  of  aerial  waved 
which  strike  the  ear  in  a  second.  The  color  of  light  depends 
on  the  number  of  ethereal  waves  which  strike  the  eye  in  ft 
second.  Thus  the  sensation  of  red  is  produced  by  imparting 
to  tlie  optic  nerve  four  hundred  and  seventy- four  miUions  of 
millions  of  impulses  i>er  second,  while  the  sensation  of  violet 
is  produced  by  imparting  to  the  nerve  six  hundred  and  ninety- 
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nine  millions  of  niillioEs  per  second."  *  In  tliis  way  the 
scale  of  colors  in  the  solar  spectrom  is  compai*ed  to  the  scale 
of  zaasical  notes  and  intervals.  Indeed,  Helmholtz  has  con- 
structed a  theoretical  scale  of  colors  to  correspond  with  mn- 
sical  tones  and  semitones.* 

Tlie  analysis  of  white  light  into  the  different  colors  of  the 
spectrum  shows  that  it  is  compound ;  and,  by  synthesm,  the 
colored  rays  may  again  be  brought  together,  producing  white 
Ught.  Colors  may  be  obtained  by  decomposition  of  light 
by  transparent  bodies,  the  different  colored  i-ays  being  re- 
fract ed,  or  bent  by  a  prism  at  different  angles.  It  is  not  in 
this  way,  however,  tliat  the  colors  of  different  objects  are 
produced.  Certain  objecta  have  the  property  of  reflecting 
the  rays  of  light.  A  perfectly  smooth,  polished  surface, 
like  a  mirror,  may  feflect  all  of  the  rays  ;  and  the  object  then 
has  no  color,  only  the  reflected  light  being  appreciated  by 
the  eye.  Certain  other  objects  do  not  reflect  all  of  the 
rdys  of  light,  some  of  them  being  lost  to  view,  or  absorljed. 
Wlien  an  object  absorbs  all  of  the  rays^  it  has  no  color,  and 
is  called  black.  When  an  object  absorbs  the  rays  equally, 
and  reflects  a  portion  of  these  rays  without  decomposition,  it 
ia  gray  or  white.  There  are  many  objects,  however,  that  de- 
compose white  light,  absorbing  certain  rays  of  the  spectrum 
and  reflecting  others.  The  rays  not  absorbed,  but  returned 
to  the  eye  by  reflection,  give  color  to  the  object.  Thus,  if  an 
object  absorb  all  of  the  rays  of  the  spectnnu  except  the  i-ed, 
the  red  rays  strike  the  eye,  and  the  color  of  the  object  is  red. 
So  it  ia  with  objects  of  different  shades^  the  colors  of  which 
are  given  simply  by  the  unabsorbed  rays. 

It  is  a  curious  fact  that  the  mixture  of  different  colors  in 
certain  proportions  will  result  in  white.  Two  colors,  which, 
when  inked,  residt  in  white,  are  called  complementary.  The 
following  colors  of  the  spectrum  bear  such  a  relation  to 
each  other : 

'  Ttjtdall,  Liffht  and  Electricity,  New  York,  1871,  p,  fifi. 
*  Hpvtioltz,  OpHqm  phydoiogique^  Paris,  1SS7,  p.  $19. 
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Bed  and  greenish-blue. 

Orange  and  cyanogen-blue. 

Yellow  and  indigo-blue. 

Greemsh-jellow  and  violet.* 
The  fact  that  impressions  made  upon  the  retina  persist  fo 
an  appreciable  length  of  time  enables  us  to  illustrate  the  law 
of   complementary  colors.     If  a  disk,  presenting  divisioi] 
with  two  complementary  colors,  be  made  to  revolve  so  rapidlj 
that  the  impressions  made  by  the  two  colors  are  blended,  the 
resulting  color  is  white. 

It  is  almost  useless,  with  our  present  knowledge,  to  specn-  , 
late  with  regard  to  the  probable  mechanism  of  the  appreciBr*! 
tion  of  colors  in  vision.     The  facts  just  stated  are  sufficiently 
clear,  showing  that  the  number  of  ethereal  vibrations  is  dif- 
ferent for  different  colors ;  but  it  is  by  n<J  means  determined 
that  differences  in  the  amplitude  of  the  vibrations  are  in 
direct  relation  with  the  arrangement  of  the  disks  of  the  rods 
and  cones  in  different  portions  of  the  retina.'     The  curioua] 
phenomena  of  color-blindness  depend  upon  an  abnormal  coe 
dition  of  the  visual  apparatus.     Persons  possessing  this  pe^l 
culiarity— called  sometimes  Daltonism,  after  the  celebrated^ 
English  chemist,  who  described  this  infirmity  as  it  existed  in 
his  own  person — ^though  vision  may  be  normal  in  other  re- 

"  Tutdall^  Liffht  and  EUdricity,  New  York,  1S71,  p.  70. 

*  ZEifEKR,   Vertueh  eimr  7%eone  der  Far6mmBn'eepi»4m,'^-Arckiv  /Br  mimi 
krotkopiMdkfS  Anaiomie,  Bonn,  1867,  Bd.  \±,  S.  H%,  ti  mf.    In  this  ftrtidOt  Zeo* 
ker  propotet  the  tbeoiy  of  the  perception  of  coIotis  referred  to  Above ;  but^  u 
far  Afl  we  know,  this  hiu  not  been  unreaenredly  adopted  by  Any  writers  upaa 
pbjiioIogicAl  optics,  tbougb  it  most  be  admitted  to  be  the  only  tboorj  of  colop- 
perception  tbat  approaches  a  aadgfactory  c^lanation  of  this  most  dilficull  que*-  ' 
tioiL    We  are  bj  no  metaa  prepared  to  deny  in  toto  the  propoeiUon  that  tfat  I 
percepUoQ  of  color  is  a  queatioa  of  situation,  di^erent  colors  being  appreciated  j 
by  different  portions  of  the  retina ;  and  some  of  the  facts  with  rehition  to  (?olor».j 
bUndneai  are  favorable  to  this  view ;  still,  to  render  tlxii  certain,  it  is  neceesarj  | 
to  eetftblisb  a  very  ciaet  relation  between  the  len^b  of  the  wavee  of  light  of  j 
different  cotora  and  the  diameter  and  number  of  the  disks  of  the  aeasitiTe  ete-  J 
tnenta  of  the  retina.     For  a  very  fair  and  full  di«ciifiaion  of  this  theory,  thi 
reader  is  referred  to  the  admirable  compendium  of  Kaiser.    {Con^trndium  dtr 
phyriolo^ehm  OpUk,  Wiesbaden,  1872,  a  151,  sCee^.} 
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Kpects,  cannot  distingaisli  certain  colors,  will  mistake  red  for 
green,  etc.,  and  Bome  can  only  distingnish  black  and  white. 
It  is  a  curious  fact,  also,  ttat  persons  affected  with  color-blind- 
ness (Daltonism^  achromatopsia)  are  sometimes  incapable  of 
discriminating  musical  tones.  This  was  noted  in  numerous 
instances  by  Dr.  Pliny  Earle,'  Though  often  congenital  and 
irremediable,  it  is  now  known  that  color-blindness  is  some- 
times produced  by  the  exoesaive  use  of  alcohol  and  tobaoco, 
exposure  to  cold  and  wet,  etc,  and  is  amenable  to  treat- 
ment.' 

Srfraction  iy  Zensea* — A  ray  of  light  is  an  imaginary 
pencil,  so  small  as  to  present  but  a  single  line ;  and  the  light 
admitted  to  the  interior  of  the  eye  by  the  pupil  is  supposed 
to  consist  of  an  infinite  number  of  such  rays.  In  studying 
the  physiology  of  vision,  it  is  important  to  recognize  tbe  laws 
of  refraction  of  rays  by  the  traufiparent  bodies  bounded  by, 
curved  em^aees,  with  particular  reference  to  the  action  of  the 
eryBtalline  lens. 

The  action  of  a  double^onvex  lens,  like  the  crystalline,  in 
the  refraction  of  light,  may  be  readily  understood  if  we  sim- 
ply apply  the  well-known  laws  of  refraction  by  prisms.  A 
ray  of  light  falling  upon  the  side  of  a  prism  at  an  angle  is 
deviated  toward  a  line  perpendicular  to  the  surface  of  the 
prism.  As  the  ray  passes  from  the  prism  to  the  air,  it  is 
again  refracted,  but  then  the  deviation  is  from  the  perpen- 
dicular of  the  second  surface  of  the  prism.  If  we  imagine 
two  prisms  placed  together,  as  in  Fig.  6,  the  ray  A  B  will  be 
bent  toward  the  perpendicular  G  B  to  M,  As  it  passes  from 
the  prism,  it  will  be  refracted  from  the  perpendicular  II  M 
and  take  the  direction  M  I.  Corresponding  refraction  takes 
place  in  the  ray  N  0  falling  upon  the  lower  prism.  These 
two  rays  will  cross  each  other  at  the  point  L. 

1  Easlk,  On  th€  Innbility  to  dUHngmtk  CMoMTi. — American  Jmtmal  o/  th§ 
Mtdied  Stifn^,  PliUadelphiri,  1S4S,  New  Series,  vol  ix.,  p.  SSL 

*  DntiiT,  ColorJifindntMa^  and  iU  Acqvuition  throuffh  the  AbuM  of  AUohol 
mud  TbittMP.— AVtp  York  Medkaljoumal^  ISYl,  vol  xiil,  p.  284,  ti§eq. 
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the  rays  C  D  and  C  E,  from  the  point  C,  will  be  refracted 
and  bronglit  to  a  foc;u8  at  the  point  Y.  In  the  Barae  way,  the 
rays  from  the  point  K  will  be  brought  to  a  focus  at  the  point 
L,  the  two  sets  of  rays  crossing  at  G.  The  same  is  true  for 
all  of  the  raiys  from  the  object  C  K,  which  strike  the  lens  at 
an  angle ;  but  the  ray  K  I^  which  is  perpendicular  to  the  lens, 
u  not  deviated.  The  line  11 1  is  called  the  axis  of  the  lens. 
These  fiicU  may  be  applied  to  the  crystalline  lens.  The 
rays  from  an  object  C  K  fall  upon  the  lens  and  are  brought 
to  a  focus  so  as  to  produce  the  image  L  F,  The  retina  is 
aupposed  to  be  at  such  a  distance  from  the  lens  that  the  rays 
are  brought  to  a  focus  exactly  at  its  surface.  Inasmuch  as 
the  rays  croaa  each  other  at  the  point  G^  the  image  is  always 
lorcrted. 

Supposing  the  crystalline  lens  to  be  free  from  spherical 
and  chrofiiatic  aberration,  the  formation  of  a  perfect  image 
depends  upon  the  following  conditions : 

The  object  must  be  at  a  certain  distance  from  the  lens. 
If  the  object  be  too  near,  the  rays,  as  they  strike  the  lens, 
are  too  divergent,  and  are  brought  to  a  focus  beyond  the 
plane  L  I  F,  or  behind  the  retina ;  and,  as  a  consequence, 
the  image  is  confused.  In  optical  instruments,  the  adjust- 
ment is  made  for  objects  at  different  distances  by  moving 
the  leas  itself.  In  the  eye,  however,  the  a<ljustment  is  ef- 
fectetl  by  increasing  or  diminitjhing  the  curvatures  of  the 
lena,  eo  that  the  mys  are  always  brought  to  a  foeus  at  the 
Tisnal  surface  of  the  retina.  The  faculty  of  thus  changing 
the  curvatures  of  the  crystalline  lens  is  called  accommoda- 
tion. This  power,  however,  is  nestricted  widiin  certain  well- 
defined  limits. 

In  some  individuals,  the  antero-posterior  diameter  of  the 
eye  is  too  long,  and  the  rays,  for  most  objects,  come  to  a  focus 
before  they  reach  the  retina.  This  defect  may  be  remedied 
by  placing  the  object  very  near  the  eye,  so  as  to  increase  the 
divergence  of  the  rays  as  they  strike  the  crj^stalline.  Such 
persons  are  said  to  be  near-sighted  (myopic),  and  objects  ai^ 
136 
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ottly  geen  distinctly  when  very  near  the  eye.  This  defect  may 
be  remedied  for  distant  objects  by  placing  concave  lenses  be- 
fore the  eyeSj  by  which  the  rays  falling  npon  the  crystalline 
are  diverged.  The  opposite  condition,  in  which  the  antei^o- 
posterior  diameter  is  too  short  (hypermetropia),  is  snch  that 
the  rays  are  brought  to  a  focus  behind  the  retina.  Thia  is 
corrected  by  converging  the  rays  of  incidence  by  placing  con- 
vex lenses  before  the  eyes.  In  old  age,  the  crystalline  lens 
becomes  flattened,  its  elasticity  is  diminished,  and  the  power 
of  accommodation  is  lessened  ;  conditions  which  also  tend  to 
bring  the  rays  to  a  focus  behind  the  retina.  This  condition 
is  called  presbyopia.  To  render  near  vision,  as  in  reading, 
distinct,  objects  are  placed  farther  from  the  eye  than  under 
normal  conditions.  The  defect  may  be  remedied,  as  in  hy- 
permetropia, by  placing  convex  lenses  before  the  eyes,  by 
which  the  rays  are  converged  before  they  fall  upon  the  ciyi- 
talline  lens. 

The  mechanism  of  accommodation  will  be  fully  considered 
in  connection  with  the  physiology  of  the  crystalline  lens; 
at  present,  it  is  sufficient  to  state  that,  in  looking  at  distant 
objects,  the  rays,  as  they  fall  upon  the  lens,  are  nearly  parallel. 
The  lens  is  then  in  repose,  or  "  indolent,"  It  is  only  when 
an  effort  is  made  to  see  near  objects  distinctly,  that  the  agenta 
of  accommodation  are  called  into  action ;  and  then,  very 
slight  changes  in  the  curvature  of  the  lens  are  sufficient  to 
bring  the  rays  to  a  focus  exactly  on  the  visual  surface  of  the 
retina. 


Spherical  Aben*atwn, — In  a  convex  lens,  with  its  surfaces 
consisting  of  portions  of  a  perfect  sphere,  the  rays  of  light 
from  any  object  are  not  converged  to  a  uniform  focus,  and  the 
production  of  an  absolutely  distinct  image  is  impossible.  For 
example,  if  we  suppose  the  crystalline  lens  to  present  I'egular 
curvatures,  the  rays  refracted  by  its  peripheral  portion  would 
be  brought  to  a  focus  in  front  nf  the  retina  ;  the  focus  of  the 
rays  converged  by  the  lens  near  its  centre  woidd  be  behind 
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the  retina  ;  a  few,  f»nly,  of  the  nijs  would  have  tlieir  focus  at 
the  retina  it&elf ;  ami,  as  a  consequence,  the  image  would 
appear  eonf  use  J.  This  is  illnstrated  in  imperfeetlyKiorrected 
lensie^j  and  is  called  spherical  aberration.  For  example,  in 
examining  an  object  with  an  imperfectlj-corrected  objective 
under  the  microscope,  it  is  evident  that  the  field  of  view  is 
not  uniform,  and  that  there  is  a  different  focal  adjustment  for 
the  central  and  the  peripheral  portions  of  the  lens*  In  the 
oonstruction  of  optical  instruments,  this  difficulty  may  be 
in  part  corrected  if  the  rays  of  light  be  cut  off  from  the 
periphery  of  the  lens  by  a  diaphragm,  which  is  an  opaque 
screen  mth  a  circular  perforation  allowing  the  rays  to  pass 
to  a  restricted  portion  of  the  lens  near  its  centre.  The 
iris  corresponds  to  the  diaphragm  of  optical  instruments, 
»nd  corrects  the  spherical  aberration  of  the  crystalline  in 
part,  by  eliminating  a  portion  of  the  rays  that  would  other- 
wise fall  upon  its  peripheral  portion.  But  this  correction  is 
not  sufficient  for  high  magnifying  powers ;  and  it  is  only  by 
the  more  or  less  perfect  con-ection  of  this  kind  of  aberration 
by  other  means,  tliat  powerful  lenses  have  been  rendered 
available  in  optics. 

The  spherical  abeiration  of  lenses  which  diverge  the  rays 
of  light  is  precisely  opposite  to  the  aberration  of  ct>n verging 
lense^i.  If,  therefore,  we  eonstnict  a  compound  lens,  it  is 
pci^sible  to  fulfil  the  conditions  necessaiy  to  tlie  convergence 
of  all  tlje  incident  rays  to  a  focus  on  a  uniform  plane,  so  that 
the  image  produced  behind  the  lens  is  not  distorted.  Given, 
for  example,  a  double-convex  lens,  by  which  the  rays  are 
broTigltt  to  innumeralde  focal  points  situated  in  different 
planei^.  The  fact  that  but  a  few  of  these  focal  points-are  in 
the  plane  of  the  retina  renders  the  image  indistinct.  If  we 
place  lH?hind  this  convex  lens  a  concave  lens,  l»y  the  action 
of  which  the  rays  are  more  or  less  diverged,  the  inequality 
of  tlie  divergence  by  different  portions  of  the  second  lens 
will  have  the  following  effect :  As  the  angle  of  divergence 
gradually  increases  from  the  centre  toward  the  periphery. 
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the  rays  near  the  periphery,  which  are  most  powerfully  con- 
verged by  the  convex  lens,  will  be  most  widely  diverged  by 
the  peripheral  portion  of  the  concave  lens ;  so  tha*t,  if  the 
opposite  curvatures  be  accurately  adjusted,  the  aberrant  rays 
may  be  blended.  It  is  evident  that,  if  all  of  the  rays  were 
equally  converged  by  the  convex  lens  and  equally  diverged  by 
the  concave  lens,  the  action  of  the  latter  would  be  simply  to 
elongate  the  focal  distance ;  and  it  is  equally  evident  that,  if 
the  aberration  of  the  one  be  exactly  opposite  to  the  aberra- 
tion of  the  other,  there  will  be  perfect  correction.  Mechanical 
art  has  not  enabled  us  to  eflEect  correction  of  every  portion  of 
very  powerful  convex  lenses  in  this  way ;  but,  by  a  combi- 
nation of  lenses  and  diaphragms  together,  highly-magnified 
images,  nearly  perfect,  have  been  produced. 

It  is  evident  that,  for  distinct  vision  at  different  distances, 
the  crystalline  lens  must  be  nearly  free  from  spherical  aberra- 
tion. This  is  not  effected  by  a  combination  of  lenses,  as  in 
ordinary  optical  instruments,  but  by  the  curvatures  of  the  lens 
itself,  and  by  certain  differences  in  the  consistence  of  different 
portions  of  the  lens,  which  will  be  fully  considered  hereafter. 

Chromatic  Aherrati&n. — We  have  already  alluded  to  the 
fact  that  a  refracting  medium  does  not  act  equally  upon  the 
different  colored  rays  into  which  pure  white  light  may  be  de- 
composed ;  in  other  wordsj  as  the  pure  ray  falling  upon  the 
inclined  surface  of  a  glass  prism  is  bent,  it  is  decomposed  into 
the  colors  of  the  spectrum.  As  a  convex  lens  is  practically 
composed  of  an  infinite  number  of  prisms,  the  same  effect 
would  bo  expected.  Indeed,  a  simple  convex  lens,  even  if 
the  spherical  aberration  be  corrected,  always  produces  more 
or  less  decomposition  of  the  light.  The  image  formed  by 
such  a  lens  will  consequently  be  colored ;  and  this  defect  in 
simple  lenses  is  called  chromatic  aberration.  At  the  same 
time,  it  is  evident  that  the  centre  of  the  different  rays  from 
an  object  will  be  composed  of  all  the  colors  of  the  spectrum 
combined,  producing  the  effect  of  white  light ;  but,  at  the 
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bordeis,  tlie  different  colors  will  be  separate  and  distinct,  and 
aa  image  produced  by  a  simple  convex  lens  will  thus  be  iur- 
roiinded  by  a  circle  of  colors,  like  a  rainbow. 

In  prifims,  tlie  cliromatic  dispersion  may  be  corrected  by 
allowing  the  colored  rays  from  one  prism  to  fall  npon  a  second 
prism,  which  is  in%*erted,  so  that  the  colors  will  be  brought  to- 
gether and  produce  white  light.  Two  prisms  thus  applied  to 
each  other  constitute,  in  fact,  a  flat  plate  of  glas^,  and  the 
mys  of  light  pass  without  deviation.  If  this  law  be  ajjpHed 
to  lenses,  it  is  evident  that  the  dispersive  power  of  a  convex 
lens  may  be  exactly  opposite  to  that  of  a  concave  lens.  By 
the  convex  lens,  the  colored  rays  are  separated  by  convergt^nce ; 
while^  in  the  concave  lens,  the  colored  rays  are  dispersed  in 
the  opposite  direction.  If,  then,  we  combine  a  convex  with  a 
concave  lens,  the  white  light  decomposed  by  the  one  will  be 
recomposed  by  the  other,  and  the  chromatic  aberration  will 
thus  be  corrected.  But,  in  using  a  convex  and  a  concave  lens 
composed  of  the  a^me  material,  the  convergence  by  the  one 
will  be  neutralized  by  the  dispersion  of  the  other,  and  there 
will  be  no  amplification  of  the  object. 

In  the  construction  of  optical  instruments,  the  chromatic 
aberration  h  corrected,  'with  but  slight  diminution  in  the  am- 
plification, by  combining  lenses  made  of  different  material,  as 
of  flint-glass  and  crown-glass.  Flint-glass  has  a  much  greater 
rlfapersive  power  than  crown-glass.  If,  therefore,  we  use  a 
convex  lens  of  crown-glass  combined  with  a  concave  lens  of 
fitnt-gla^,  the  chromatic  aberration  of  the  convex  lens  may  be 
corrected  by  a  concave  lens  with  a  curvature  which  will  take 
but  little  from  the  magnifying  power.  A  compoimd  lens, 
with  the  spherical  aberration  of  the  convex  element  corrected 
by  the  curvature  of  a  concave  lens,  and  the  chromatic  aberra- 
tion corrected  by  the  curvature,  in  part,  and  in  part  by  the 
superior  refractive  power  of  flint-glass  over  crown-glass,  will 
produce  a  perfect  image. 

Although  the  eye  is  not  absolutely  achromatic,  the  dis- 
persion of  light  is  not  sufficient  to  interfere  with  distinct 


84 


BPECIAL  SENSES. 


vision.  TiV'e  can  Tmderstand  how  the  chromatic  aberration  is 
practically  corrected  in  the  crystalline  lens,  when  we  remem- 
ber that  its  various  layers  are  of  different  consistence  and  of 
diffei^ent  refractive  power* 

Formatian  oflniagea  in  the  Eye, 

It  IB  only  necessary  to  call  to  mind  the  general  arrange- 
ment of  the  different  stmctiires  in  the  eye  and  to  apply 
the  simple  laws  of  refraction,  to  comprehend  precisely  how 
images  are  formed  npou  the  retina* 

The  eye  corresponds  to  a  camera  obscura.  Its  interior  is 
lined  with  a  dark,  pigmentary  membrane,  the  choroid,  the 
function  of  which  is  to  prevent  the  confusion  of  images  by 
internal  reflection.  The  rays  of  light  are  admitted  through  a 
circuLir  upeiiing,  the  pupil?  the  size  of  which  is  regulated  by 
the  movements  of  the  iris.  The  pupil  is  contracted  when  tlie 
light  striking  the  eye  is  intense,  and  is  dilated  as  the  amount 
of  light  is  diminislied.  In  the  accommodation  of  the  eye,  the 
pupil  IB  dilated  for  distant  objects  and  contracted  for  near 
objects;  for,  in  looking  at  near  objects,  the  aberrations  of 
sphericity  and  achromatism  in  the  lens  are  more  marked,  and 
the  peripheral  portion  is  cut  off  by  the  action  of  this  movable 
diaphragm,  thufi  aiding  the  correction.  The  rays  of  light  from 
an  object  pass  through  the  C4>mea,  the  aqueous  humor,  the 
crystalline  lens,  and  the  \itreous  humc>r,  and  are  refracted 
with  so  little  spherical  and  chromatic  aberration  that  the  image 
formed  upon  the  retina  is  practiciilly  perfect.  The  layer  of 
rods  and  c«jnesof  the  retina  is  the  only  portion  of  tlie  eye  en- 
dowed directly  with  special  sensibility,  the  impresetions  of 
light  being  conveyed  to  the  brain  by  the  optic  nerves*  Thia 
layer  is  situated  next  the  choroid,  but  the  otber  kyers  of  the 
retina,  tlirongh  which  the  light  pisses  to  reach  the  rods  and 
cones,  are  perfectly  transparent. 

It  has  been  positively  demonstrated  that  the  rods  ud 
cones  are  the  only  structures  capable  of  directly  receiving  vis- 
ual impressions,  by  the  following  interesting  experiment, 
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;  made  by  Purkmje :  *  We  concentrate  upon  tlie  sclerotic, 
with  a  convex  lens  of  short  focns,  an  intense  light,  at  a  point 
as  far  m  possible  removed  from  the  cornea.  Tliia  passes 
through  the  translucent  coveringB  of  the  eye  at  this  point, 
and  the  image  of  tlie  light  reaches  the  retina.  If  we  then 
look  at  a  dark  surface,  we  have  the  field  of  vision  presenting 
a  reddish-yellow  iUumiMation,  with  a  dark,  arborescent  ap- 
pearance produced  by  tbe  shadow  of  the  large  retinal  vessels ; 
and,  as  we  move  the  lens  slightly,  the  shadow  of  the  vessels 
moves  with  it.  Without  going  ebborately  into  the  mechan- 
ism of  this  remarkable  phenomenon,  it  is  gnffieient  to  state 
that  Heinrich  Miiller '  has  arrived  at  an  absolute  mathemati- 
cal demonstration  that  the  shadows  of  the  vessels  are  formed 
upon  the  layer  of  rods  and  cones,  and  that  this  layer  alone 
ifi  capable  of  receiving  impressions  of  light.  His  explanation 
is  accepted  by  all  writers  at  the  present  day,  and  is  regarded 
ad  positive  proof  of  the  peculiar  sensibility  of  this  portion  of 
the  retina.  In  carefully<;oiidueted  observations  of  this  kind, 
a  spot  is  seen  in  which  no  vessels  appear,  which  corresponds 
to  the  fovea  centralis.  When  the  experiment  is  prolonged, 
the  vessels  disappear,  as  the  sensibility  of  the  retina  becomes 
diminished  by  fatigue.* 

Theoretically,  an  illuminated  object  placed  in  the  angle 
of  vision  would  form  upon  the  retina  an  image,  diminished  in 
mzQ  and  inverted.  Tins  fact  is  capable  of  actual  demonstra- 
tion. In  white  rabbits  and  other  albinos,  Magendie  has  been 
able,  by  removing  the  fat  and  muscles  covering  the  posterior 
portion  of  the  eye,  to  see  the  image  of  a  flame  upon  the  reti- 
na, inverted  and  diminished,*    By  an  ingeniously-arranged 

'  PiTHJcnr/K,  Beitr&ffe  rur  Kmntniu  da  8^em  in  9uhj«€tbter  Hifmchi^  l^g, 
■  U«i3nuca  M&LLisi,  AnaUmU<^ph^M0ffUeke  Ukt^ntt^unffm  vA^  dit  Jieti- 

•  HxurHOLts,  Qptique  phymi>lmpqiie.  Fans,  1S67,  p.  2H»  Httq^ 
Hdmholtx  gives  a  verj  f\ill  expldtintlon  of  thete  phenomeitii  &nd  of  their 

pbfftological  ImportAtiee. 

*  MjiocsDtx,  PricU  iUmentaire  tU  phi^olo^f^  Fjiris,  1886,  tome  l»  p.  79. 
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experiment  in  a  dark  chamber,  Volkmann  has  observed  sach 
an  image  in  the  human  subject.*  The  most  satisfactory  ob- 
servations, however,  have  been  made  with  the  ophthahno- 
scope.  With  this  instrument,  the  retina  and  the  images 
formed  upon  it  may  be  seen  during  life  with  perfect  distinct- 
ness.' 

All  parts  of  the  retina,  except  the  point  of  entrance  of 
the  optic  nerve,  are  sensible  to  light ;  and  the  arrangement 
oi  the  cornea  and  pupil  is  such,  that  the  field  of  vision  is,  at 
the  least  estimate,  equal  to  the  half  of  a  sphere.  If  a  ray 
of  light  fall  upon  the  border  of  the  cornea  at  a  right  angle  to 
the  axis  of  the  eye,  it  is  refracted  by  its  surface  and  will  pass 
through  the  pupil  to  the  border  of  the  retina  upon  the  oppo- 
site side.  Above  and  below,  the  circle  of  vision  is  cut  oflE  by 
the  overhanging  arch  of  the  orbit  and  the  malar  prominence ; 
but  externally  the  field  is  free.  With  the  two  eyes,  there- 
fore, the  lateral  field  of  vision  must  be  equal  to  at  least  one 
hundred  and  eighty  degrees.  It  is  easy  to  demonstrate,  how- 
ever, by  the  ophthalmoscope,  as  well  as  by  taking  cognizance 
of  the  impressions  made  by  objects  far  removed  from  the 
axis  of  distinct  vision,  that  images  formed  upon  the  lateral 
and  peripheral  portions  of  the  retina  are  confused  and  im- 
perfect. We  have  a  knowledge  of  the  presence  and  an  in- 
definite idea  of  the  general  form  of  large  objects  situated 
outside  of  the  area  of  distinct  vision ;  but,  when  we  wish  to 
note  such  objects  exactly,  the  eyeball  is  turned  by  muscular 
effort,  so  as  to  bring  them  at  or  very  near  the  axis  of  the 
globe.  This  fact,  with  what  we  know  of  the  mechanism  of 
refraction  by  the  cornea  and  lens,  makes  it  evident  that  the 
area  of  the  retina  upon  which  images  are  formed  with  perfect 
distinctness  is  quite  restricted.  A  moment's  reflection  is  suf- 
ficient to  convince  any  one,  that,  in  order  to  see  any  object 
distinctly,  we  must  look  at  it,  or  bring  the  axis  of  the  eye  to 

*  Volkmann,  8e?ieny  in  Waoner,  Handieorterbtteh  der  Phyiiologie^  Braun- 
schweig, 1S46,  Bd.  iii.,  Erate  Abtheilung,  S.  287. 

*  HsLMHOLTZ,  Optique  phyMogique^  Paris,  186Y,  p.  BY. 


DRMATION   OF  QIAOKS   IN  THE  EYE. 


8T 


Rr  n|>on  it  (lire<?tly.  Let  us  see,  now,  how  far  this  fact  is 
eftpahle  of  positive  demonstration. 

If  we  examine  the  bottom  of  the  eye  with  the  ophthal- 
moBOopo,  we  can  eee  the  yellow  spot  with  the  fovea  centralis, 
apparently  free  from  blood-vessels,  and  composed,  as  we  know, 
chiefly  of  those  elements  of  the  retina  which  are  sensitive  to 
light  If,  at  the  same  time,  we  examine  an  image  for  which 
ibe  eye  is  perfectly  adjusted,  it  will  be  seen  that  this  image  is 
perfect  only  at  the  fovea  centralis  ;  and,  if  the  object  be  re- 
moved from  the  axis  of  vision,  we  see  a  confused  image  upon 
the  retina  removed  from  the  fovea,  at  the  same  time  that  the 
subject  is  conscious  of  indistinct  vision.  In  the  words  of 
Helmholtz,  "it  ia  only  in  the  immediate  vicinity  of  the  ocidar 
axis  that  the  retinal  image  possesses  entire  distinctness ;  be- 
yond this,  tlie  contours  are  leas  defined.  It  is  in  part  for  tliis 
reason  that  in  general  we  see  distinctly  in  the  field  of  vision, 
only  the  point  that  wo  fix.  All  the  others  are  seen  vaguely. 
Thia  lack  of  distinctness  in  indirect  risionj  in  addition,  de- 
pends also  upon  diminished  sensibility  of  the  retina :  at  a 
alight  distance  from  the  fijced  point,  the  distinctness  of  vision 
baa  diminished  much  more  than  the  objective  distinctness  of 
rednal  images." ' 

At  the  point  of  penetration  of  the  optic  nerve,  the  retina 
is  inaensible  to  luminous  impressions  ;  at  least,  its  sensibility 
ii  so  obtuse  as  to  be  entirely  inatlequate  for  the  purposes  of 
vision.  This  point  is  called  the  punctum  cajcum ;  and  its 
want  of  sensibility  was  demonstrated  many  years  ago  by  the 
experiments  of  Mariotte,  which  we  quote  verhatitn  : 

**  I  fastened  on  an  obscure  Wall  about  the  hight  of  my 

,  a  small  roimd  paper,  to  serve  me  for  a  fixed  point  of 
Viaioii;  and  I  fastened  such  an  other  on  the  side  thereof 
towards  my  right  hand,  at  the  distance  of  about  2.  foot ;  but 
BOtmewhat  lower  than  the  first,  to  the  end  that  it  might  strike 
the  Optick  Nerve  of  my  Right  Eye,  whilst  I  kept  my  Left 
abut.    Then  I  plae'd  myself  over  against  the  Fii^t  paper,  and 

*  Hkuhioltz,  Optiqw  ph^oio<pque^  Faria,  1807,  p.  8S. 
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drew  back  by  little  and  little,  keeping  my  Bight  Eye  fixt  and 
very  steddy  npon  the  same ;  and  being  about  10.  foot  distant, 
the  second  paper  totally  disappeared."  * 

In  this  experiment,  the  rays  of  light  from  the  paper 
which  has  disappeared  from  view  are  received  npon  the  pono- 
turn  cflecum,  at  the  point  of  entrance  of  the  optic  nerve.  If 
the  observer  withdraw  himself  still  farther,  the  second  circle 
will  reappear,  as  the  rays  are  removed  from  the  pnnctum 
caecum.  With  the  ophthalmoscope,  the  point  of  penetration 
of  the  optic  nerve  may  be  readily  seen  in  the  living  eye.  If 
the  image  of  a  flame  be  directed  upon  this  point,  the  sensa- 
tion of  light  is  either  not  perceived,  or  it  is  very  faint  and 
indefinite,  and  is  then  probably  due  to  diffusion  to  other  por- 
tions of  the  retina. 

The  relative  sensibility  of  different  portions  of  the  retina 
has  been  accurately  measured  by  Yolkmann,  and  has  been 
found  to  be  in  an  inverse  ratio  equal  to  about  the  square  of 
the  distance  from  the  axis  of  most  perfect  vision.  This  ob- 
server calculated  the  distance  between  the  sensitive  elements 
of  the  retina  at  which  he  supposed  that  two  parallel  lines 
would  appear  as  one.  In  the  axis  of  vision,  the  distance  was 
0-00029'',  and,  at  a  deviation  inward  of  8°,  it  was  0-03186',  a 
diminution  of  acuteness  of  more  than  a  hundred  times.  The 
following  table  gives  the  results  of  these  experiments : 


Anffle  of  deTiatioD  of  the 

Onlcalatod  diBtanoe,  ft>r  the 

obtoct  seen,  Anom  the 

rotinal  elementa,  of  the 

Ttoaal  aziB  inward. 

parallel  lines. 

0** 

0-00029' 

V 

000065' 

r 

000091' 

8- 

000141' 

4"" 

OOOISS" 

S** 

0-00180' 

6« 

000388' 

r 

0-01627' 

8- 

003186' 

>  Hariotte,  a  New  Discovery  touching  Fmon. — Philotophical  Traruaciumt, 
London,  1668,  yoI.  lii.,  p.  668. 
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TWa  table  illustrates,  witli  great  exactness,  tLe  gradual  diiiii- 
Qution  in  the  acuteness  of  vision  as  the  impressions  are  made 
farther  and  farther  from  the  visual  axis/  The  experimenta 
were  made  upon  the  same  principle  as  that  of  observations 
upon  the  tactile  gensibility  of  diflferent  portions  of  the  skin 
by  testing  the  power  of  dietinguislung  the  two  points  of  the 
cestheeionieter/ 

The  fact  of  the  formation  of  images  upon  the  retina, 
which  are  exact  only  at  or  immediately  surrounding  the  fovea 
centralis,  being  settled,  it  remaing  to  Bee  how  these  images 
are  rendered  perfect,  and  to  study  the  mechanism  of  ref rao- 
tiotn  by  the  transparent  media  of  the  eye. 

Mechanimi  of  Refraction  in  the  Eye. 

A  visible  object  sends  rays  from  every  point  of  its  surface 
to  the  cornea.  K  the  object  be  near,  the  rayg  from  each  and 
every  point  are  divergent  as  they  strike  the  eye.  Itays  from 
distant  objects  are  practically  parallel*  It  is  evident  that  the 
refraction  for  diverging  rays  must  be  greater  than  for  parallel 
rays,  as  a  necessity  of  distinct  vision ;  in  other  words,  the 
eye  mu^t  be  accommodated  for  vision  at  different  distances. 
Leaving,  however,  the  mechanism  of  acconmiodation  for 
future  consideration,  we  shall  endeavor  to  show  how  the  rays 
of  light  as  they  penetrate  the  eye  are  refracted  and  brought 
to  a  focus  at  the  retina. 

The  important  agents  in  refraction  in  the  eye  are  the  sur- 
faoes  of  the  cornea  and  the  crystalline  lens.  Careful  calcula- 
tions have  shown  that  the  index  of  refraction  of  the  aqueous 
linmor  is  sensibly  the  same  as  that  of  the  substanoe  of  the 
cornea,  so  that,  practically,  the  refraction  is  the  same  as  if  the 
corner  and  the  aqueous  humor  wei-e  one  and  the  same  sub- 
stance. The  index  of  refraction  of  the  vitreous  humor  is 
practically  the  same  as  that  of  the  aqueous  humor,  both  being 
about  equal  to  the  index  of  refraction  of  pure  water.     Ee- 

*  ToLKMAJtit,  8ehen^   in  WAGNIl^  Handumrtertmeh  der  Phyndogie^  Bmun* 
■cbwetg,  ISie,  Bd.  iii.,  £»te  Abtheiiung,  a  834.  *  Bee  page  19, 
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fraction  by  tbe  crystalline  lens,  however,  is  more  complex  in 
its  mechanism ;  depending,  first,  upon  the  curvatures  of  ita 
two  surfaces,  and^  again,  upon  the  differences  in  the  consist* 
ence  of  diflferent  portions  of  its  substance*  In  view  of  these 
facts,  we  may  simplify  the  conditions  of  refraction  in  the  eye 
by  assaming  the  following  arrangement : 

The  cornea  presents  a  convex  surface  upon  which  the  rays 
of  light  are  received.  At  a  certain  distance  behind  its  an- 
terior border,  is  the  crystaDine,  a  double-convex  lens,  corrected^ 
sufficiently  for  all  practical  purposes,  both  for  spherical  and 
chromatic  aberration.  This  lens  is  practically  suspended  in  a 
liquid  with  au  index  of  refraction  equal  to  that  of  pure^ 
water ;  as  both  the  aqueous  humor  in  front  and  the  vitreous 
humor  behind  have  the  same  refractive  power.  Behind  the 
lens,  in  its  axis  and  exactly  in  the  plane  at  which  the  rays  of 
light  are  brought  to  a  focus  by  the  action  of  the  cornea  and 
the  lens,  is  the  fovea  centralis,  which  is  the  centre  of  distinct 
vision.  The  anatomical  elements  of  the  fovea  are  capable  of 
receiving  visual  impressions,  which  are  conveyed  to  the  brain 
by  the  optic  nerves.  All  impressions  made  upon  other  por*j 
tions  of  the  retina  are  comparatively  indistinct ;  and  the  pointi 
of  entrance  of  the  optic  nerve  is  insensible  to  light'  Inas- 
much as  the  punctum  c^cum  is  situated  in  either  eye  on  tb«  j 
nasal  side  of  the  retina,  in  normal  vision  rays  from  the  same 
object  cannot  fall  upon  both  points  at  the  same  time.  Thus, 
in  binocular  vision,  the  insensibility  of  tlio  punctutn  ciecum 
does  not  interfere  with  sight ;  and  the  movements  of  the 
globe  prevent  any  notable  interference  in  vision,  even  with 
one  eye.   The  sclerotic  coat  is  for  the  protection  of  its  contents 

1  Some  writers  state  that  the  punctam  d&cam  poMesses  a  faint  sensDiUitj  tO| 
light,  reTemng  to  the  old  experiments  of  Brewster  m^de  hj  throwing  tbe  Ima^ 
of  a  candle-fiamc  upon  the  blind  spot,  and  to  recent  observatioiis  with  the  oph- 
tbalinoBCOpe,  in  support  of  this  assertion.  (Lonovt,  IVaitS  de  phtfiioloffie^  Paris, 
186i}t  tome  ii.^  p.  904.)  These  obserfatiom,  bowcver^  are  falladouii,  for  tbe  rea- 
aon  that  it  is  impoesibic  to  eiclude  impressions  mode  bj  the  diSUaion  of  light  to 
the  iciiftitlTe  ponioiia  of  the  retina.  The  weight  of  experimental  evidence  is 
deddedlj  in  favo?  of  the  absolute  insensibility  of  the  blind  spot 
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iftd  for  tlie  insertion  of  muscles.  The  iris  Las  an  action 
similar  to  that  of  the  diaphrugm  in  optical  ioBti'uments.  Tho 
sospeo^rj  ligament  of  the  lens,  the  ciliary  body,  and  the 
ctliarj  mnsele  are  for  the  fixation  of  the  lens  and  its  accom- 
modation to  distinct  vi&iou  at  different  distances  The  cho- 
noid  !£  a  dark  membrane  for  the  absorption  of  light,  prevent- 
ing ootifusion  of  vision  from  reflection  within  the  eye. 

Refraction  by  the  cornea  k  eflfected  simply  by  its  external 
ictr£ice.  The  rays  of  light  from  a  distant  point  are  deviated 
by  its  convexity  so  that,  if  they  were  not  again  refracted  by 
the  crystalline  lens,  they  would  be  brought  to  a  focus  at  a 
point  sitnated  about  ^^^j-  of  an  inch  behind  the  retina.*  With* 
out  the  crystalline  lens,  therefore,  distinct  vision  is  impossible, 
though  the  sensation  of  light  is  appreciated.  In  cases  of 
extraction  of  the  lens  for  cataract,  the  crystalline  is  supplied 
by  a  convex  lens  place<l  before  the  eye. 

The  rays  of  light,  refracted  by  the  anterior  surface  of 
the  cornea,  are  received  upon  the  anterior  surface  of  the  crj's* 
talUne  lens,  by  which  they  are  still  farther  refracted.  Passing 
through  the  substance  of  the  lens,  they  undergo  certain  modi- 
fications in  refraction  dependent  upon  the  differences  in  the 
various  strata  of  the  lens.  These  modifications  have  not  been 
accurately  calculated ;  but  it  is  sufficient  to  state  that  they 
contribute  to  the  accuracy  of  the  formation  of  the  retinal 
image  and  to  the  production  of  an  image  practically  free  from 
chromatic  dispersion.  As  the  rays  pass  out  of  the  crystalline 
lens,  they  are  again  refracted  by  its  posterior  curvature,  and 
are  bn>ught  to  a  focus  at  the  area  of  distinct  vision. 

The  rays  from  all  points  of  an  object  distinctly  seen  are 
brought  to  a  focus,  if  the  accommodation  of  the  lens  be  cor- 
rect, upon  ft  restricted  surface  in  the  macula  lutea ;  but  tho 
rays  from  different  points  cross  each  other  before  they  reach 
the  retina,  and  the  image  is  consequently  inverted.  This  is 
S  fact  capable  of  actual  demonstration,  as  we  have  shown  in 
treAttBg  of  the  formation  of  images  in  the  eyB. 

*  Hklioioltx,  Opti^ttf  ph^oioffique^  Paris,  1867,  p.  Sa, 
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Calculating  tlie  corvatta^  of  the  refracting  surfaces  in 
the  eye  and  the  indices  of  refraction  of  its  transpai-ent  lueUia, 
it  has  been  pretty  clearly  shown,  by  mathematical  formalBBi 
that  the  eve,  viewed  simply  as  an  opticAl  instruraent,  and  not 
pi*aetieally,  as  the  organ  of  vision,  presents  a  certain  degree 
of  splierieal  and  chromatic  aberration  ; '  but  with  these  for- 
mnlffi  we  have  little  to  do  in  our  purely  physiological  con- 
sideration of  Yision,  As  a  matter  of  interest,  however,  we 
give  a  genes  of  calculationB,  according  to  the  beet  authorities 
upon  the  subject  of  physiological  optics.' 

In  most  calculations  of  the  size  of  images,  the  positions 
cf  conjugate  foci,  etc.,  in  normal  and  abnormal  eyes,  a  sche- 
matic eye  reduced  by  Donders,'  after  the  example  of  Listing,* 
is  regarded  as  sufficiently  exact  for  all  practical  purposes. 
This  simple  scheme  i-epresents  the  eye  as  reduced  to  a  single 
refracting  surface,  the  corneal,  and  a  single  liquid  assume*!  to 
have  an  index  of  refi'action  e<jiial  to  that  of  pure  water.  The 
distance  between  what  are  called  the  two  nodal  points  and  be- 
tween the  two  principal  points  of  the  dioptric  system  of  the 
eye  is  so  small,  amounting  to  hardly  yJtt  ^^  ^^  inch,  that  it 
can  be  neglected.     In  this  simple  eye,  we  assume  a  mdius  of 

>  For  aD  exceedingly  iatercstlng  Account  of  the  eye  considered  us  an  optical 
ln»trument,  see  HKLititoLTiCf  iJirit  eongidSri  comme  inatrumen/  (fopfi^i4«.— iScvHt 
dm  murt  iHieniiJitfurM,  Parie^  18fl8-lSfl0»  tome  ti,^  p,  211,  tt  §tq. 

»  EstUHOLTZf  Optigne  phynaioffigw^  Parts,  1867,  p,  90,  after  LtSTixa. 

Index  of  refraction  of  the  atmosphere, 1 

Index  of  refraction  of  the  aqueous  humor, . ,. , Ap^ 

Index  of  refraction  of  the  crystalline, ^ 

Index  of  refraction  of  the  vilreoua  humor, , . . ,  4^ 

Radius  of  cuirature  of  the  cornea,. , . . , , 0*312  of  an  inch. 

Kadius  of  cunrature  of  the  anterior  surface  of  the  crystalline,  0-390  **  ** 
Hadiui  of  currature  of  the  posterior  surface  of  the  cryatalline^  0"23#  **  *' 
Distance  between  the  anterior  surface  of  the  cornea  and  the 

anterior  surface  of  the  crystalline, 0*1  &d      *" 

Thickness  of  the  ctTStalline, ...-,- ..,,0*li5S      **        " 

'  DoKDCRS,  On  the  Anomaliet  of  Aceommodation  and  RtfnitiioA  of  M#  Sift^ 
The  New  Sydenham  t^iety,  London,  186-1,  p.  176. 

^  LrariiiO,  Diopirik  dm  AugtM^  in  WA»Nicn,  HandiB^rterhueK  der  Phffiiioloffi€^ 
Braunschwdg,  1853,  Bd.  It,,  R  49S,  tt  tcf. 
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atnr©  of  the  cornea  of  about  \  of  an  inch,  and  have  a 
■ingle  optical  centre  situated  ^  of  an  inch  back  of  the  cornea, 
the  "  principal  point "  being  in  the  cornea  at  the  axis  of  vision* 
The  posterior  focal  distance,  that  is,  the  focus  at  the  l>ottom 
of  the  eye  of  rays  that  are  parallel  in  the  air,  is  about  |  of  an 
inch.  The  anterior  focal  distance,  that  is,  of  rays  parallel  in 
the  vitreoujs  humor,  is  about  f  of  an  inch.  The  measure- 
ments  in  this  simple  eye  ciin  be  easily  remembered  and  used 
in  calculations. 

Astifftnaiimi, 

^  -We  have  already  alluded  to  an  important  peculiarity  in 
'"tBir  optical  apparatus ;  viz.,  that  the  visual  line  does  not  coin- 
cide exactly  with  the  axis  of  the  eye.*  There  is  still  another 
nurmal  deviation  from  mathematical  exactness  in  the  refrac- 
tion of  rays  by  the  cornea  and  the  crystalline  lens,  which  is  of 
considenible  importance.  If  we  place  before  the  eyes  two 
threads  crossing  each  other  at  right  angles  in  the  same  plane, 
one  of  these  threads  being  vertical,  and  the  other,  horizontal, 
when  the  optical  apparatus  is  adjusted  so  that  one  line  is  seen 
with  perfect  diMinctness,  the  other  is  not  well  defined*  In 
other  words,  when  we  accommodate  for  the  vertical  thread, 
the  horizontal  is  indistinct,  and  vice  verm.  If  the  horizontal 
line  be  seen  distinctly,  in  order  to  see  the  vertical,  without 
modifying  the  accommodation,  it  must  be  removed  to  a 
greater  distance.  This  depends  chiefly  upon  a  diiference  in 
the  vertical  and  the  horizontal  curvatures  of  the  cornea,  so 
that  the  horizontal  meridian  has  a  focus  slightly  different 
from  the  focus  of  the  vertical  meridian.  A  condition  oppo- 
site to  that  observed  in  the  cornea  usually  exists  in  the  crys- 
talline lens;  that  is,  the  difference  which  exists  between  the 
curvatures  of  the  lens  in  the  vertical  and  the  horizuntal  me- 
ridians \a  such  that  the  deepest  curvature  in  the  lens  is  situated 
in  the  meridian  of  the  shallowest  curvature  of  the  cornea. 
In  this  way,  in  normal  eye.^,  the  aberration  of  the  lens  has  a 

>  Sie  pft^*  72. 
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tendency  to  correct  the  aberration  in  the  cornea ;  but  this  cor- 
rection is  incomplete,  and  there  still  remains,  in  all  degrees 
of  tension  of  accommodation,  a  marked  difference  in  the 
vision  as  regards  vertical  and  horizontal  lines. 

The  condition  just  described  is  known  under  the  name  of 
normal,  regular  astigmatism ;  but  the  aberration  is  not  suffi- 
ciently great  to  interfere  with  distinct  vision.  The  degree  of 
regular  astigmatism  presents  normal  variations  in  different 
eyes.  In  some  eyes  there  is  no  astigmatism;  but  this  is  rare. 
According  to  Bonders,  if  the  astigmatism  amount  to  ^  or 
more,  it  is  to  be  considered  abnormal ;  *  which  simply  means 
that,  beyond  this  point,  the  aberration  interferes  with  distinct 
vision. 

From  the  mere  definition  of  regular  astigmatism,  it  is 
evident  that  this  condition  and  the  degree  to  which  it  exists 
may  easily  be  determined  by  noting  the  differences  in  the 
foci  for  vertical  and  horizontal  lines,  and  it  may  be  exactly 
corrected  by  the  application  of  cylindrical  glasses  of  proper 
curvature.  Indeed,  the  curvature  of  a  cylindrical  glass,  which 
will  enable  a  person  to  distinguish  vertical  and  horizontal 
lines  with  perfect  distinctness  at  the  same  time,  is  an  exact 
indication  of  the  degree  of  aberration.  Begular  astigmatism, 
such  as  we  have  described,  may  be  so  exaggerated  as  to  inter- 
fere very  seriously  with  vision,  when  it  becomes  abnormaL 
This  kind  of  aberration,  however,  which  is  dependent  upon 
an  abnormal  condition  of  the  cornea,  is  remediable  by  the 
use  of  properly-adjusted  cylindrical  glasses. 

Irregular  astigmatism,  excluding  cases  of  pathological  de- 
formation, opaque  spots,  etc.,  in  the  cornea,  depends  upon  ir- 
regularity in  the  different  sectors  of  the  crystalline  lens.  In- 
stead of  a  simple  and  regular  aberration,  consisting  in  a 
difference  between  the  depth  of  the  vertical  and  the  horizon- 
tal curvatures  of  the  cornea  and  lens,  we  have  irregular  varia- 
tions in  the  curvatures  of  different  sectors  of  the  lens.    As  a 

'  DoNDERS,  On  the  Anomalies  of  Accommodation  and  RefradUm  of  the  Eif€^ 
The  New  Sydenham  Society,  London,  1864,  p.  456. 
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consequence  of  tliie,  when  the  irregularities  are  very  great, 
there  is  impairment  of  the  sharpness  of  vidon.  Tlie  circles 
of  diffusion,  which  are  regular  in  normal  viajon,  become  ir- 
regularly radiated,  and  eingle  points  appear  multiple^  an  ii"- 
regnlarity  described  by  Bonders,  under  the  name  of  polyopia 
monocularifi.'  Accurate  observations  have  shown  that  this 
condition  exists  to  a  veiy  slight  degree  in  normal  eyes ;  but 
it  ifi  so  slight  as  not  to  interfere  with  ordinary  vision.  In 
what  is  called  normal,  irregular  astigmatiBm,  the  irregularity 
depends  entirely  upon  the  crystalline  lens.  If  we  place 
before  the  eye  a  card  with  a  very  small  opening,  and  move 
thia  before  the  lens,  so  that  the  pencil  of  light  falls  succes- 
dvely  upon  different  sectors,  it  can  be  shown  that  the  focal 
distance  is  different  for  diffei*ent  portiiins.  The  radiating 
lines  of  light  obBer\'ed  in  looking  at  i-emote  luminous  points, 
as  the  fixed  stars,  are  produced  by  this  irregularity  in  the 
curvatni-es  of  the  different  sectors  of  the  lens. 

While  regular  astigmatism,  both  normal  and  abnormal, 
may  be  perfectly  corrected  by  placing  cylindrical  glasses 
before  the  eyes,  it  is  impossible,  in  the  great  majority  of  cases, 
to  construct  glasses  which  will  remedy  the  irregular  fomi. 

For  a  complete  account  of  the  different  forms  of  astig- 
matism, the  reader  is  referred  to  the  moi*e  elaborate  works  on 
ophthahuology.  We  have  considered  the  subject  briefly,  as 
iUnstrating  some  of  the  aberrations  in  the  noi'mal  eye,  which, 
though  they  do  not  interfere  materially  with  distinct  vision, 
indicate  clearly  enough  that  the  eye  is  by  no  meana  a  perfect 
optical  instrument. 

*  DoiTNBS,  On  iki  Anomoliei  of  Accommodation  and  Eefratihn  &/  the  Ey^^ 
The  ^ew  Sjdenbaiii  Societr,  London^  1B&4,  p.  543. 
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CHAPTEE  V. 

MOVEMENTS   OF  THE  IRIS — ^AOOOMMODATTOK. 

Direct  action  of  light  upon  the  iria — ^Action  of  the  neirous  BjtUm  on  the  iris— 
Mechanism  of  the  moYements  of  the  iris — ^Accommodation  of  the  eye  to 
vision  at  different  distances — ^Theories  of  accommodation — Changes  in  the 
crystalline  lens  in  accommodation — ^Action  of  the  ciliary  muscle — Changes 
in  the  iris  in  accommodation. 

The  movements  of  the  iris  are  sufficiently  simple,  as  well 
as  the  physiological  conditions  under  which  they  take  place ; 
and  it  is  only  when  we  come  to  study  the  exact  mechanism 
of  the  production  of  these  movements  through  the  nervous 
system,  that  the  subject  becomes  complex,  and,  to  a  certain 
extent,  obscure.  As  regards  the  movements  themselves,  the 
simple  facts  are  as  follows : 

There  are  two  physiological  conditions  under  which  the 
size  of  the  pupil  is  modified:  The  first  of  these  depends 
upon  the  amount  of  light  to  which  the  eye  is  exposed.  When 
the  quantity  of  light  is  small,  the  pupil  is  widely  dilated,  so 
as  to  admit  as  much  as  possible  to  the  retina.  When  the  eye 
is  exposed  to  a  bright  light,  the  retina  is  protected  by  con- 
traction of  the  iris.  The  muscular  action  by  which  the  iris  is 
contracted  is  characteristic  of  the  smooth  muscular  fibres,  as 
can  be  readily  seen  by  exposing  an  eye,  in  which  the  pupil  is 
dilated,  to  a  bright  light.  Contraction  does  not  take  place 
instantly,  but  an  appreciable  interval  elapses  after  the  expos- 
ure, and  a  more  or  less  gradual  diminutionin  the  size  of  the 
pupil  is  observed.  This  is  seen  both  in  solar  and  in  artificial 
light.  The  second  of  these  conditions  depends,  indirectly, 
upon  the  voluntary  action  of  muscles.    We  have  already  seen, 
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in  coDnecttOQ  with  the  physiology  of  the  third  pair  of  nerves, 
that  the  effort  of  converging  the  axes  of  the  eyes  by  looking 
at  a  very  near  object  contracts  the  pupiU.*  We  shall  see, 
al»o,  that  the  effort  of  aecommodfttion  of  the  eye  for  near  ol> 
jects  produces  the  same  effect,  even  when  the  eyes  are  not 
converged.  This  action  will  be  fully  considered  under  the 
head  of  accommodation. 

One  point  relating  to  the  anatomy  of  the  iris  is  of  great 
importance  in  connection  with  the  physiology  of  its  move- 
mentii ;  and  that  is  the  question  of  the  existence  of  dilator 
fibres  Upon  this  point  there  is  some  ^lifference  of  opinion; 
but,  as  we  stated  in  treating  of  the  structure  of  the  eye^  the 
weight  of  anatomical  authority  is  decidedly  ia  favor  of  the 
existenee  of  radiating  fibres.'  The  physiology  of  the  iris  is 
much  more  easily  understood,  if  we  assume  the  existence  of 
these  fibres,  and  this  is  the  view  that  we  have  adopted. 

Direct  Action  of  Light  upon  the  Im, — The  variations  in 
the  size  of  the  pupil  under  different  physiological  conditions 
are  effected  almost  exclusively  through  the  nervous  system, 
either  by  retlex  action  from  variations  in  the  intensity  of 
light^  or  by  a  direct  influence,  as  in  accommodation  for  dii?- 
tances;  but  it  is  nevertheless  true  that  the  muscular  tissue  of 
the  iris  will  respond  directly  to  the  stimulus  of  light.  In  a 
memoir  presented  to  the  French  Academy  of  Sciences,  in 
1S47,  it  was  shown  by  Dr.  Brown-S^juard,  that,  in  some  of 
the  lower  animals,  frogs,  eels,  etc,  the  iris  continued  to  con- 
tract under  the  stimulus  of  light  many  days,  even,  after  death. 
In  frogs,  the  pupil  was  made  to  alternately  contract  and  dilate, 
from  fifty  to  one  hundred  times  in  a  minute,  in  the  eye 
extracted  from  the  orbit."  Analogous  phenomena  have  been 
observed  by  Harless  in  the  human  subject  after  death*    These 

'  See  roi  ir.,  Nerroua  Sjiitem,  p.  ISi. 

*  flto  pftge  5S. 

*  Bnoirx-SiQCAtU),  Rsi^ierchei  ej^ntiamUilt^  mr  tinjlume«  excUairiee  ik  la 
Immh'f^  du  frovi  H  tU  la  thatear  iur  VirU. — Journal  de  la  phytiolc^,  Paris, 
1809,  lofue  tl.,  p.  282* 


98 


SENSES. 


obBerrations  are  exceedingly  mterestiBg  in  connection  witb 
8ome  of  the  contradictory  experiments  of  physiologists  npon 
the  action  of  the  motores  ocnlorum  upon  the  iris.  Harless 
noted,  in  subjects  dead  of  various  diseases,  from  five  to  thirty- 
hours  after  death,  that  the  iris  contracted  imder  the  stimulus 
of  light ;  and  he  justly  remarks  that  this  is  probably  due  to 
direct  action  upon  its  muscular  tissue,  and  that  it  id  not 
reflex,  for  the  reason  that  the  Irritability  of  the  nerves  in 
warm-blooded  animals  disappears  certainly  in  twenty  hours 
after  death.  The  experiments  of  Harless  were  made  upon 
the  two  eyes,  cue  being  exposed  to  the  light  with  the  other 
dosed.  The  contraction,  however,  took  place  very  slowly, 
requiring  an  exposure  of  several  hours.*  This  mode  of  con- 
traction is  very  different  from  tho  action  of  the  u*is  dm'iiig 
life,  but  is  precisely  like  tlie  contraction  observed  by  Bernard 
after  division  of  the  motor  oculi  communis,  which  m  slow  and 
gradual  and  imdoubtedly  depends  upon  the  direct  action  of 
light  upon  the  muscular  fibres,* 

A(^u>n  of  t/t£  ]\^e)*votf8  System  upon  th^  Iris, — ^This  sub- 
ject, as  far  as  it  relates  to  the  tliird  juiir,  has  been  pretty  fully 
considered  in  connection  \sith  the  physiology  of  these  nerves ; 
and  it  is  unnecessary  to  refer  again  in  detail  to  the  exy)eriments 
which  have  already  been  eitei  The  reflex  phenomena  ob- 
served are  sufllciently  distinct.  When  light  is  admitted  to 
the  retina,  the  pupil  contracts,  and  the  same  result  follows 
mechanical  irritation  of  the  optic  nerves.  When  the  third 
pair  of  nerves  lias  been  divided,  no  such  reflex  phenomenn 
are  observed.  It  is  well  known,  al8<:>,  that  division  of  the 
third  nenes  in  the  lower  animals  or  their  paralysis  in  the 
human  subject  produces  permanent  dilatation  of  the  pupil, 
the  iris  resixindingj  only  in  the  slow  and  gradual  manner 
already  indicateiU  to  the  direct  action  of  light. 

The  experiments  made  by  direct  stimulation  of  the  third 

^  H.ULLISB,  Dk  Mml^rriiahUim,  Mimehen,  1648. 
*  See  ToL  ir,,  N^rrous  Syst^im,  p.  13S. 
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nerve  are  somewhat  eontTadictory,  Some  experimenters  have 
noted  that  stiumlation  of  these  nerves  produces  immediate 
contraction  of  the  pupil ;  but  Bernard,  Chauveau,  and  others 
failed  to  oliserve  this  as  a  constant  phenomenon,  and  aj^ume 
that,  when  contraction  occurs,  it  is  due  to  an  extensdon  of  the 
irritation,  either  to  the  ophthahnic  branch  of  the  fifth  or  to 
the  ciliary  nerves  passing  to  the  iris  from  the  iDphtliahnie 
ganglion*'  The  experiments  upon  the  inferior  animals  were 
in  the  main  confirmed  in  the  human  subject  by  Nuhn,  in  ob- 
servations made  upon  the  head  of  a  decapitate<l  criminal.* 

Taking  all  the  exi)erimental  facts  into  consideration,  it  is 
certain  tliat  the  third  nerve  has  an  important  influence  upon 
the  iris.  Filaments  from  the  oi>hthalmic  ganglion  animate 
the  circular  fibres,  or  sphincter,  and  these  filaments  derive 
their  power  from  the  third  cranial  nerve.  If  this  nerve  be 
dii^ded,  the  iris  becomes  permanently  dilated  and  is  immov- 
ftbk%  except  that  it  responds  very  slowly  to  the  direct  action 
of  light.  The  reflex  action  by  which  the  pupil  is  contracted 
under  the  stimulus  of  light  operates  through  the  third  nerve, 
and  no  such  action  can  take  place  after  this  nerve  has  been 
divided.  In  view  of  these  facts,  thei'e  can  be  no  doubt  with 
legard  to  the  nervous  action  upon  the  sphincter  of  the  pupil, 
this  muscle  being  aniniate<l  exclusively  by  filaments  from  the 
motor  oculi  conimmiis,  cominir  through  the  ophthalmic  gan- 
glion. 

We  athnit,  with  most  modem  anatomists,  the  existence  of 
iiating  muscular  fibres  in  the  iris,  the  action  of  which  is 
Dnistic  to  the  circular  fibres,  and  which  dilate  the  pupiL 
bat  these  fibres  are  subjected  to  nervous  influence  is  certain 
from  experiments  upon  the  s^-nipathetic  system. 

The  effects  of  division  of  the  svmpathetic  in  the  neck  have 
ated  of  fully  in  connection  with  the  general  fimctions 

'  See  ToL  ir.,  Nenroua  System,  p.  18S, 

•  Kcn^i,   Vtrtuthe  an  rinem  EnthavpMm  n^b^t  erlduiemdtn   Vermtehm  «» 
J%iertm,^Zeit§ehri/l/ur  mtiontUt  Medeeim,  Ueidalherg,  l&sa,  Neue  Folge,  BiL 
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of  these  nerves.  It  will  be  sufficient  for  our  present  purposes 
to  state,  in  a  general  way,  the  influence  of  these  nerves  upon 
the  movements  of  the  iris.  The  original  observations  of  di- 
vision of  the  sympathetic  in  the  neck,  made  by  Pourfour  du 
Petit,  in  1712  and  1725,  showed  that  this  operation  produced 
marked  and  permanent  contraction  of  the  pupil.  These  ex- 
periments have  been  repeatedly  confirmed,  and  have  been  ex- 
tended by  more  modem  observers  to  show  that,  after  division 
of  the  nerve,  galvanization  of  the  superior  extremity  pro- 
duces enlargement  of  the  pupil.  They  have  also  been  re- 
peated and  confirmed  by  Nuhn  *  and  by  Wagner,*  who  oper- 
ated upon  the  human  subject  a  short  time  after  decapitation. 

There  can  be  no  doubt  that  the  action  of  the  sympathetic 
upon  the  pupil  is  directly  antagonistic  to  that  of  the  third  pair, 
the  former  presiding  over  the  radiating,  or  dilating  muscular 
fibres ;  and  the  only  question  to  determine  is  the  course  taken 
by  the  sympathetic  filaments  to  the  iris.  Experiments  on 
the  infiuence  of  the  fifth  pair  upon  the  pupil  have  been  some- 
what contradictory  in  different  animals.  In  rabbits,  section 
of  this  nerve  in  the  cranial  cavity  produces  contraction  of  the 
pupil ;  but  in  dogs  and  cats  the  same  operation  produces  dilar 
tation.'  In  the  human  subject,  of  course,  it  is  impossible  to 
determine  this  point  by  direct  experiment ;  and  the  varying 
results  obtained  in  observations  upon  different  animals  prob- 
ably depend  upon  differences  in  the  anatomical  relations  of 
the  nerves. 

The  experiments  of  Donders,  made  upon  rabbits,  in  which 
division  of  the  fifth  was  found  to  produce  contraction  of  the 
pupil,  show  that  this  influence  is  derived  from  connections  of 
the  sympathetic  with  the  fifth  at  or  near  the  ganglion  of 
Gasser.  In  the  first  place,  it  had  been  shown  by  Bernard, 
that  contraction  of  the  iris  follows  division  of  the  fifth,  even 

*  XuHN,  Zeitschrift  fur  rationeUe  Medecin^  Heidelberg,  1853,  Neue  Folge,  Bd. 
ill,  S.  135. 

»  Waoxkr,  Note  tur  qitelquet  experiences  sur  lapartie  cervicale  du  nerf  ffrand 
$ymp€Uhiquey  chez  une  femme  decapitee. — Journal  de  la  physiologie^  Paris,  1860, 
tome  iii.,  p.  175.  *  See  vol.  iv.,  Nervous  System,  p.  194. 
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if  the  third  nerves  have  been  extirpated ;  *  wliicli  makes  it 
evident  tlmt  the  influence  of  the  fifth  is  direct,  and  not  reflex 
through  the  thinJ.  Bonders  exposed  and  galvanized  the 
sympathetic  in  the  neck,  to  demonstrate  the  continued  action 
of  this  nerve  upon  the  iria.  He  then  divided  the  fifth  in  the 
oanial  cavity ;  and,  after  this  division,  in  four  out  of  eleven 
exjierimentSj  galvanization  of  the  sympathetic  in  the  neck 
failed  to  produce  contraction  of  the  pupil.'  These  experi- 
ments would  seem  to  show  that  the  filaments  from  the  sym- 
pathetic which  act  upon  the  iris  join  the  fifth,  and  that  when 
the  fifth  is  divided,  the  communication  between  this  nerve 
and  the  radiating  muscular  fibres  is  cut  off.  It  is  somewhat 
difiScult  to  explain  the  slight  contraction  of  the  pupil  follow- 
ing galvanization  of  the  sympathetic  after  division  of  the 
fifth  in  seven  out  of  the  eleven  experiments,  except  by  the 
fact,  that,  in  many  eases  of  division  of  the  fifth  in  the  cranial 
ivily,  the  sympathetic  filaments  are  not  included  in  the 
>n. 

There  seem  to  be  two  distinct  nerve-centres  coiTospoud- 

Dg  to  the  two  sets  of  nerves  which  regulate  the  movements 

the  iris.    One  of  these  centres  preades  over  the  reflex  con- 

taictiouB  of  the  iris,  and  the  other  is  the  centre  of  origin  of 

the  nervous  influence  through  which  the  pupil  is  dilated. 

The  mechanism  of  reflex  contraction  of  the  iris  imder  the 

lolus  of  light  is  sufficiently  simple.     An  impression  is 

aade  upon  the  retina,  which  is  conveyed  by  the  optic  nerves 

to  tlie  centre  of  vision,  aud,  in  obedience  to  this  impression, 

the  sphincter  of  the  iris  contracts.    If  the  optic  nerves  be 

divided,  so  that  the  impression  cannot  be  conveyed  to  the 

centre,  or  if  we  divide  the  third  pair,  through  which  the 

Dtor  stinmlufi  is  conveyed  to  the  muscukr  fibres,  no  move- 

ents  of  the  iris  can  take  place.     The  centres  which  preside 

1  BnuHARi},  Ijtfom  aur  la  ph^tiokffU  €i  ta  paiAolc^  ^  i^stkne  nenwvx,  Paris, 
185H,  tome  U.,  p^.  208,  209. 

•  no!i(i)KE8^  AntomaIif9  of  AcwmmodaHon  and  Refraction  €/  the  JJve,  Tb« 
Vew  Sjrtlcnhun  Societj,  London,  18^4,  p.  $82. 
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over  these  reflex  plienomena  are  situated  in  the  tnberculA 
quadrigemina.  In  the  remarkable  experiments  of  Flonreofrl 
upon  the  encephalic  centres,  it  was  shown  that  the  iris  loses 
its  mobiUty  after  destruction  of  the  tubercula.'  This  fact! 
has  been  repeatedly  confirmed  by  later  experimentergw  In 
birds,  in  which  the  decussation  of  the  optic  nerves  is  com- 
plete, tliL*  action  is  crossed,  destruction  of  the  tulHjnde  upon 
one  side  producing  immobility  of  the  iris  upon  the  opposita  ^ 
side ;  but  in  man,  where  the  anatomical  relations  of  the  optic 
nerves  upon  the  two  sides  are  more  complex,  the  crossed  ac- 
tion is  probably  not  so  complete.  In  man,  the  axes  of  both 
eyes  are  habitually  brought  to  bear  upon  objects,  and  it  is 
well  known  that  there  is  a  physiological  unity  in  the  aetion 
of  the  two  eyes  in  ordinary  vision.  We  also  observe  that, 
when  one  eyo  only  is  exposed  to  light,  the  pupil  becoming 
eontracteil  under  this  stimulus,  the  pnpil  of  the  other  eye 
also  contracts.  There  is,  indeed,  a  direct  contraction  and  di- 
latation of  the  pupil  of  the  eye  which  is  exposed  to  the  light, 
and  an  indirect,  or  "  consensual "  movement  of  the  iris  upon 
the  opposite  side*  The  consensual  contraction  occurs  about 
I  of  a  second  later  than  the  direct  action,  and  the  consensual 
dilatation,  about  ^  of  a  second  later.* 

Budge  and  Waller  have  shown  that  the  filaments  of  the 
sympathetic  which  pnxluce  dilatation  of  the  pupil  take  their  I 
origin  from  the  spinal  cord.  In  the  spinal  cord,  between  the 
sixth  cervical  and  the  second  thoracic  nerves,  is  situated  the 
inferioi'  cilio-spinal  centre.  When  the  spinal  cord  is  stimu- 
lated in  this  situation,  l>oth  pupils  become  dilated.  If  the  ] 
cord  l>e  divided  longitudinally  and  the  two  halves  be  sepe^ 
rated  from  each  other  by  a  glass  plate,  stimulation  of  the  r^ht 
half  produces  dilatation  of  the  right  pupil,  and  vio6  verm,*] 

'  FtaiTRKXii  Rscherekm  aphimmi^U*  mir  In  propriHia  d  Im  /mdhm  At 
ifftf%v»#  nfrveuz,  Paris,  1842,  p.  144,  ei  trq, 

*  DoNPERB,  Anomaiift  of  Accmnmodaium  and  Ee/mcHan  9/  (h^  £j/€^  Tlie 
New  Sydenham  Society,  London,  1864,  p.  57S. 

'  Brown-S^nard  aligns  wider  tlmita  to  the  ciIio-«pmBl  centre.  He  statca 
thai  '*  aection  of  1  lateral  half  of  the  sptoal  cord  at  th«  level  of  the  fiAh^  Ibt 
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Tbis  does  not  occur  when  the  eyiiipftthetic  in  the  iieek  has 
been  divided.  In  addition  to  the  inferior  cilio-spinal  centre, 
there  is  a  superior  centre,  which  is  in  communication  with  the 
superior  cerYic^l  ganglion  and  is  situated  near  the  sublingual 
nerve.  The  influence  of  this  centre  over  the  pupil  cannot  be 
demonstrated  by  direct  stimulation,  because  it  is  too  near  the 
origin  of  the  fifth,  irritation  of  which  has  an  intlueuue  over 
the  iris ;  but  it  is  shown  by  division  of  its  filaments  of  com- 
municatiou  with  the  iris.* 

Section  and  galvanization  of  the  different  nerves  which 
regulate  the  nioveineats  of  the  iris  have  a  ceitain  influence 
upon  its  vascularity ;  and,  indeed,  it  has  been  thought  that 
contraction  is  in  a  measure  due  to  congestion  of  its  vessels,  and 
dilatation,  U)  an  opposite  condition.  This  view  is  adopted  by 
some  of  those  who  deny  the  existence  of  the  radiating  mus- 
cular fibres.  Assuming  tliat  the  size  of  the  pupil  is,  to  a  cer- 
tain extent,  affected  by  tlie  condition  of  the  vessels,  it  is  evi- 
dent that  the  extensive  movements  of  the  iris  are  due  mainly 
to  muscular  action.  It  has  been  also  shown  by  Brown-S6- 
qiiard,  that  the  changes  in  the  iris  produced  by  injection  of 
its  vessels  are  not  to  be  compared  with  its  physiological 
movements,*  The  changes  in  vascularity  produced  by  divid- 
ing or  galvanizing  the  sympathetic  do  not  differ  from  the 


tis^  aad  even  someiini«a  us  low  down  as  tbc  niath  or  tenth  donftl  rortetr*, 
Allbcta  the  irU  like  the  section  of  the  aympathctie,  though  in  »  less  degree.*' 
{FhifMoLi^  ami  Patholoff^  of  the  Cfertiral  I^ervom  StftietA,  Fhikddpbim^  16A0, 

>  BviHii,  Lehrbnch  der  tptddlm  Phtfiiolo^  dm  M«vmhm^  Leipxig,  1862,  S. 
767»  «l  «^. 

ilcrording  to  the  obacrvatioaa  of  ChAuireAa,  the  cillo-spinjU  centre  acta  on 
the  hrU  us  a  reflex  centre  »nd  not  as  a  centre  exerting  t  direct  influence.  He 
h»M  shown  that  excitation  of  the  i«eu^itive  roots  coming  from  thia  regicin  produces 
Uie  ftume  phenomena  ba  irritation  of  the  posterior  co1ama«  of  the  cord,  though 
with  \t^A  intensity,  (CtfAcriAC,  Atilon  d*f  la  rnoctle  ipin^re  tur  Virit^ — Journal 
Jt  la  pKjfsi^foffir,  Pftris,  ISai,  tome  iv,,  p.  SSS,) 

'  Buow^-Skurjinn,  Rrt-lierthct  ej^rit^mUaleaimrrin/luwoe  e^Uttrieetk  la  /i*- 
flMllY,  duftoid  d  de  la  chaleur  aur  Virit.^-jQunuU  de  la  phifMwlff^^  Fnrid^  1859, 
Uxokt  li^  p.  452. 
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phenomena  noted  in  experiments  npon  other  portions  of  the 
sympathetic  system. 

Accommodation  of  the  Eye  to   Vision  at  Different  Dia- 

tances. 

The  mechanism  by  which  the  eye  is  adjusted  for  distinct 
vision  at  different  distances  is  one  of  the  most  interesting  and 
important  points  connected  with  the  physiology  of  the  sight. 
At  the  present  day,  this  point  may  be  regarded  as  definitely 
settled,  particularly  since  the  variations  in  the  thickness  and 
the  curvatures  of  the  crystalline  lens  have  been  so  accurately 
measured  by  Helmholtz.  We  shall  have  little  to  say  with 
regard  to  the  various  theories  of  accommodation  advanced  by 
the  older  physiologists,  except  to  indicate,  in  a  very  general 
way,  the  most  plausible  views  that  have  been  adopted  from 
time  to  time  by  physiological  writers.  In  the  first  place,  we 
shall  note  certain  phyacal  laws  and  their  application  to  the 
eye,  which  show  the  necessity  for  accommodation. 

Supposing  the  eye  to  be  adapted  to  vision  at  an  infinite 
distance,  in  which  the  rays  from  an  object,  as  they  strike  the 
cornea,  are  practically  parallel,  it  is  evident  that  the  fod  of 
the  rays,  as  they  form  a  distinct  image  upon  the  retina,  are 
all  situated  at  the  proper  plane.  Under  these  conditions,  in 
a  perfectly  normal  eye,  the  image,  appreciated  by  the  indi- 
vidual or  seen  by  means  of  the  ophthalmoscope,  is  perfectly 
clear  and  distinct.  If  the  foci  be  situated  in  front  of  the 
retina,  the  rays,  instead  of  coming  to  a  focus  upon  a  point  in 
the  retina,  will  cross,  and,  from  their  diffusion,  or  dispersion, 
will  produce  indistinct  vision.  Under  these  circumstances, 
a  distinct  point  is  not  perceived,  but  every  point  in  the  image 
is  surroimded  by  an  indistinct  circle.  These  are  called  "  cir- 
cles of  diffusion."  If,  now,  the  eye,  adjusted  for  vision  at  an 
infinite  distance,  be  brought  to  bear  upon  a  near  object,  the 
rays  from  which  are  divergent  as  they  strike  the  cornea,  the 
image  will  be  no  longer  distinct,  but  will  be  obscured  by  cir- 
cles of  diffusion.    It  is  the  adjustment  by  which  these  drdes 
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*iliffuHion  are  removed  that  con&titiite^  acccunmodatioii. 
is  fact  has  been  demoustrated  by  llebiiholtz  by  means  of 

ophtbabuo&cope.  "  If  the  eye  be  adjusted  to  the  obser- 
"Vation  of  an  object  place<l  at  a  certain  distance,  it  is  found 
that  the  image  of  a  flame,  placed  at  the  same  distance,  is 
produced  with  perfect  distinctness  upon  the  retina,  and, 
at  the  same  time,  upon  the  ilhuninated  plane  of  the  image, 
the  vegeels  and  the  other  anatomical  details  of  tlie  retina 
are  seen  with  equal  distinctnei^s.  But,  when  the  flame  is 
brought  considerably  nearer,  its  image  becomes  confused, 
tt^rjlt.  the  details  of  the  structm*e  of  the  retina  remain  per- 
distinct."  * 

It  is  evident  that  there  is  a  certain  condition  of  the  eyes 
adapted  to  vision  at  an  infinite  distance,  and  that,  for  the 
clear  perception  of  near  objects,  the  transparent  media  must 
be  so  altered  in  their  arrangement,  or  in  the  curvatures  of 
their  surfaces,  that  the  ref inaction  will  be  greater ;  for,  without 
tliifi,  the  rays  would  be  brought  to  a  focus  beyond  the  retina. 
It  is  the  mechanism  of  this  adjustment  to  distances  that  has 
engaged  the  attention  of  physiologists  for  so  many  years. 

To  produce  the  necessary  changes  in  the  refi'active  power 
of  the  eye,  physiologists  have  supposed  a  variety  of  conditions, 
none  of  their  theories,  however,  presenting  any  positive  basis 
in  factp  It  was  thus  with  the  theory  that  conti^action  of  the 
pupil  was  sufficient  for  accommodation ;  that  the  eui*vature  of 
the  tH>niea  was  increased  for  near  objects;  tliat  the  lens  was 
displaced,  aa  in  the  mljustment  of  ortlinarj'  optical  instm- 
roents;  and  the  idea  that  the  anteiT>po6terior  diameter  of  the 
eye  was  modified.  The  theory  that  has  since  been  proven 
to  be  correct ;  namely,  that  of  changes  in  the  curvatures  of 
the  crystalline  lens,  was  advanced  by  Thomas  Young;*  but 
the  mechanism  of  these  changes,  supposed  by  Yoimg  to  be 
due  to  the  action  of  the  lens  itself,  the  constituent  fibres  of 

>  n^LMuoLn,  Opti^t^  phiftiohffi^ue,  P&m,  1869«  p.  128. 
•  Yorxa»  ObttrvatioHM  on  Tuion,  Jiead  htfore  the  lioffal  Stfcid^^  London,  Ma| 
90,  1798  ;  tud,  On  the  Mechaninti  of  the  Etff^  London,  1801, 
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which  he  supposed^  with  Leeuwenhockj  to  he  niTificulftr,  was 
not  imderetood. 

The  changes  in  the  eye,  by  which  ficeommodation  is  ef- 
fected, are  now  known  to  consist  mainly  in  an  increased  con- > 
vexity  of  the  lens  for  near  objects ;  and  the  only  points  in/ 
dispute  are  a  few  unimportant  details  in  the  mechanism  of 
this  action.    The  simple  facts  to  be  borne  in  mind  in  study- 
ing this  question  are  the  following : 

When  the  eye  is  aooommodated  to  vision  at  an  infinite 
distance,  the  parts  are  passive. 

In  the  adjustment  of  the  eye  for  near  objects,  the  con- 
vexities of  the  lens  are  increased  by  muscular  action. 

In  accommodation  for  near  objects,  the  pupil  is  ooe 
traeted ;  but  this  action  is  merely  accessory  and  is  not  edaen^l 
tial. 

The  ordinary  range  of  accommodation  varies  between  a 
distance  of  about  five  inches  and  infinity. 

Changes  in  the  Cnjstaillns  Lens  in  Accommodalion. — ^It 
is  important  to  determine  first  the  extent  and  nature  of  the  j 
changes  of  the  lens  in  acoommodation ;  and,  by  the  ingenion 
experiments  of  the  German  physiologists,  particularly  those] 
of  Ilelmholtz,  these  changes  have  been  accurately  rae 
in  the  living  subject.     As  the  general  result  of  the«e  me 
ureraents,  it  was  ascertained  that  the  lens  becomes  increased] 
in  thickness  in  accommodation  for  near  objects,  chiefly  by  an 
increase  in  its  anterior  curvature,  by  which  this  surface  of  the 
lens  is  made  to  project  toward  the  cornea.    As  the  iris  is  ml 
contact  with  the  anterior  surface  of  the  lens,  this  membranei 
is  made  to  project  in  tlie  act  of  accommodation.    The 
nor  curvature  of  the  lens  is  also  increased,  but  this  is  slight  as 
compared  with  the  increase  of  the  curvature  of  its  anterior 
surface.     The  tlistance  l>etween  the  posterior  surface  of  the 
lens  and  the  coniea  is  not  sensibly  altered.    It  is  unne 
to  describe  minutely  the  methods  employed  in  making  theseJ 
calculations,  and  it  is  sufficient  for  our  purposes  to  state  thatJ 
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ic  U  done  by  accurately  measuring  the  comparative  size  of 
images  formed  by  reflection  from  the  anterior  surface  of  the 
lens*  The  results  obtained  by  Helmholtz  in  obsenratious 
on  three  different  persons  are  as  follows :  * 


Wr^ 

BmUhi  of  Citirvstvro  of  tl«»  Anterior  But- 

d«tloQlbrNMrOlO«oU. 

Dijtut  VlaHtm. 

Hmr  ViMiwL       1 

on. 

04641  of  an  inch. 

08432 

U'405<S          ** 

0"3854  uf  un  inch» 
0-2701 

00140  or aD  inch. 
00172 

The  mechanism  of  the  changes  in  the  thickness  and  in  the 
cur\Titiires  of  the  lens  in  accommodation  can  only  be  under- 
stood by  keeping  clearly  in  mind  the  physical  properties  of 
the  lens  itself  and  its  anatomical  relations.  In  HtUy  in  what 
lias  been  called  the  indolent  state  of  the  eye,  the  lens  is  ad- 
justed to  vision  at  an  infinite  distance,  and  is  flattened  by 
the  tension  of  its  suspensory  ligament.  After  death,  indeed, 
ft  is  easy  to  produce  changes  in  its  form  by  applying  trac- 
tion to  the  zone  of  Zinn/  If  we  remember,  now,  the  ex- 
act relations  of  the  suspensory  ligament,  the  ciliary  muscle, 
and  the  lens,  and  keep  in  mind  the  tension  within  the  globe, 
it  is  evident  that  when  the  ciliary  muscle  is  in  repose,  the 
capsule  will  compress  the  lens,  increasing  its  diameter  and 
diminishing  its  convexity.  It  is  in  this  condition  tlrnt  the 
eye  is  adapted  to  vision  at  an  infinite  distance.  It  is  evident, 
also,  that  veiy  slight  changes  in  the  convexity  of  the  lens 
will  be  sufficient  for  the  range  of  accommodation  required. 
If  we  fix  with  the  eye  any  near  object,  we  are  conscious  of 
an  effort,  and  the  prolonged  vision  of  near  objects  produces  a 
sense  of  fatigue.  This  may  be  illustrated  by  the  very  fa- 
miliar experiment  of  looking  at  a  distant  object  through  a 
gaaze.  When  the  object  is  seen  distinctly,  the  gauze  is 
scarcely  perceived  ;  but  by  an  effort  we  can  bring  the  eye  to 

'  HiucfiOLTE^  Optigw  phynob^yiqWj  Pari«,  1867,  p.  Ift7- 
*  Helmholtz,  €p.  eit.^  p.  151. 
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see  the  meshes  of  the  gauze  distinctly,  when  the  impressioii 
of  tlie  distant  object  is  either  lost  or  becomes  very  iudistinct* 

Our  knowledge  of  the  action  of  the  ciliary  muede  i»  only  ] 
to  be  arrived  at  theoretically  and  by  studying  the  efi^ts  pro- 
duced upon  the  lens.     This  muscle,  it  will  be  remembered,  i 
arises  from  the  circular  line  of  junction  of  the  cornea  and  I 
sclerotic,  which  is  undoubtedly  its  fixed  point,  passes  hack- 
ward,  and  is  lost  in  the  tissue  of  the  choroid,  extending  as 
far  back  as  the  anterior  border  of  the  retina.    Most  of  the 
fibres  pass  directly  backward,  but  some  become  dixmlar  or 
spiral.    When  this  muBcle  contracts,  the  choroid  is  drawn 
forward,  with,  probably,  a  slightly  spiral  motion  of  the  lens, 
the  contents  of  the  globe  situated  posterior  to  the  lens  are  i 
compressed,  and  the  suspensory  ligament  is  relaxed.     The 
lens  itself,  the  compressing  and  flattening  action  of  the  sus- 
pensory ligament  being  diminished,  becomes  thicker  and  mom 
conyex,  by  virtue  of  its  own  elasticity,  in  the  same  way  that 
it  becomes  thicker  after  death,  when  the  tension  of  the  liga*  ] 
ment  is  artificially  diminished. 

This  is,  in  brief,  the  mechanism  of  accommodation.    Near  | 
objects  are  seen  distinctly  by  a  voluntary  contraction  of  th©  * 
ciliary  muscle ;  the  action  of  which  is  adapted  to  the  require- 
ments of  vision  with  exquisite  nicety.     In  eariy  life,  the  lens  , 
is  soft  and  elastic,  and  the  accommodative  power  is  at  its 
maximum ;  but  in  old  age  the  lens  becomee  flattened,  bardefi 
and  less  elastic,  and  the  power  of  accommodation  ia  neees*^ 
earily  diminished. 

Changm  in  ths  Iris  in  AccommodcUian, — The  size  of  tha 
pupil  18  sensibly  diminished  in  accommodation  of  the  eye  for 
near  objects.  Although  the  movements  of  the  iris  under 
these  conditions  are  directly  associated  with  the  muscular  ef- , 
foirt  by  which  the  form  of  the  lens  is  modified,  the  contrao- 
tion  of  the  pupil  is  not  one  of  the  essential  conditions  of  ac- 
commodation. Helraholtz  cites  a  case  in  which  the  iris  was  . 
completely  paralyzed,  the  power  of  accommodation  remain* 
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tng  perfect^  and  mentions  another  case,  reported  by  Von 
Graefe,  in  which  accommodation  was  not  disturbod  after  loss 
of  the  entire  iris,' 

We  liave  already  noted  the  fact  that  the  pupil  contracts 
when  the  eyes  are  made  to  converge  by  the  at.*tion  of  the 
milled  animated  by  the  third  pair  of  nerves ;  *  and  it  is  evi- 
dent that  convergence  of  the  eyes  always  occurs  in  looking 
at  very  near  objects.  It  becomes  a  question,  then,  whether 
the  contraction  of  the  pupil  in  accommodation  for  near  ob- 
jects be  associated  with  the  action  of  the  third  nerves,  or 
with  filatrients  from  the  ophthalmic  ganglion,  which  supplies 
the  nervous  influence  to  the  ciliary  muscle.  This  seems  to 
have  been  definitively  settled  by  Donders,  who  demonstrated 
two  important  points:  First,  that  increased  convergence  of 
the  visual  lines  without  change  of  accommodation  makes  the 
pupil  contract,  as  is  easily  proven  by  simple  exjieriments  with 
prismatic  glasses.  Second,  that  when  accommodation  is  ef- 
fected without  converging  the  ^"isual  axes,  *'each  stronger 
tension  is  combined  with  contraction  of  the  pupil."  * 

The  action  of  the  iris,  as  is  evident  from  the  facts  just 
statetl,  is,  to  a  certain  extent,  under  the  control  of  the  will ; 
but  it  cannot  be  disassociated,  first,  from  the  voluntaiy  action 
d  the  muscles  wblch  converge  the  visual  axes,  and  second^ 
from  the  action  of  the  ciliary  muscle.  Donders  states  that, 
by  alternating  the  accommodation  for  a  remote  and  a  near 
object^  he  coidd  voluntarily  contract  and  dilate  the  pupil  more 
than  thirty  times  in  the  minute.*  Brown-S6quard,  in  dis- 
eoflsing  the  voluntary  movements  of  the  iris,  mentions  a  case 
in  which  *'  the  pupil  could  be  contracted  or  dilated  without 
dianging  the  position  of  the  eye  or  making  an  effort  of  adap- 
tation for  a  long  or  a  short  distance/ 

•  HxLuaotTZ,  €p.  eit,  p.  15L  'Sec  toI.  iv,,  Nenroua  System,  p.  IH, 

■  Doxdhei^  AtiomalUt  of  Aeeomrrwdaiion  and  Jt^/nMethn  of  the  Sye,  The 
Nfw  J*?deTihiwn  Society,  London,  18*4,  p.  ftt4.  *  Loc.  cU, 

*  BkoWN-Sequarh,  Jlecherefiea  rxpiritnenialei  mr  Vin/lutmce  gxdiatrice  dk  la 
hmnih^,  rfii  frold  tt  tie  la  ckaltur  tur  Virit, — J^umai  cfc  la  ^tftioloffie^  Paria, 
IS99,  tame  H,  p.  287,  note. 
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Ae  a  farther  e%ndenee  of  tlie  connection  of  accommodatioii 
with  muscular  action,  cases  are  cited  in  works  on  ophthalmol- 
ogy in  which  there  is  paralysis  of  the  ciliary  muscle  as  well 
as  cases  in  which  the  act  of  accommodation  is  painful. 

An  interesting  phenomenon  connected  with  ac*commodA- 
tion  is  ohserved  in  kM>king  at  a  near  object  through  a  very 
small  orifice,  like  a  pin-hole.  The  ebortest  distance  at  which 
we  can  see  a  small  object  distinctly  is  about  five  inches; 
but,  if  we  look  at  the  same  object  through  a  pin-hole  in  a 
card,  it  can  be  seen  distinctly  at  the  distance  of  about  one 
inch,  and  appears  considerably  magnified.  In  this  experi- 
ment, the  card  serves  as  a  diaphragm  with  a  very  small  open- 
ing, so  that  the  centre  of  the  lens  only  is  used ;  and  the  aji 
parent  increase  in  the  size  of  the  object  is  probably  due  tc 
the  fact  that  its  distance  from  the  eye  ie  many  times  le 
than  the  distance  at  which  distinct  vision  is  possible  under 
ordinary  conditions.  It  is  well  known  that  myopic  persons^ 
by  being  able  to  bring  the  eye  nearer  to  objects  than  is  po6ai«; 
ble  in  ordinary  vision,  can  see  minute  details  with  extraordi<^ 
nary  distinctness, 

Aceommodation  in  the  Xensless  Eye, — Within  a  few  yc 
some  very  important  and  interesting  pathological  observations ' 
have  been  puldished  in  Germany  upon  ac^commodation  without 
the  lens ;  but  one  of  the  best-observed  cases  of  this  kind  has 
been  described  by  Dr.  Edward  G,  Loring,  Jr.,  of  Kew  York^j 
who   observed  very  accurately  an  instance   of  remarkabls 
power  of  visual  accoramodation,  in  a  pei'son  in  whom  hot 
lenses  had  been  reinoved  for  cataract     This  case  wa«  re-l 
ported  to  ophthalniological  societies  in  1869  and  1870.     Thai 
observation  is  so  interesting,  and  illustrates  so  beautifully  the 
possible  compensating  action  in  the  absence  of  the  lens,  that 
we  give  in  full  the  following  report,  furnished  by  Dr.  Loring, 
which  has  never  before  l»een  published ; 

"  In  the  spring  of  1869,  Miss  E.  W.,  eighteen  years  of 
age|  consulted  me  for  the  purpose  of  procuring  suitable 


ACCOMMODATION* 


111 


glaeaefl.  Tire  years  before,  when  she  was  between  twelve 
and  thirteen  yeara  old,  both  eyes  had  been  operated  upon  for 
CAtHniet  by  the  method  of  diBcit^sion,  After  the  absoi-ption 
of  the  lenses  had  l^een  completed,  she  wae  fiiniished  with 
two  pairs  of  glagsce,  one  for  the  distance  and  the  other  for 
near  work.  Immediately  after  this,  she  went  to  California, 
and,  shortly  after  going  on  board  ship,  she  lost  the  glasses  in- 
tended for  near  wurkj  and  had  to  rely  entirely  on  her  glasaes 
for  the  distance.  This  pair  had  now  become  very  nmch 
worn,  and  she  simply  wished  to  have  them  accurately  meas- 
rtred,  and  a  new  pair  made  precisely  like  them»  I  foimd 
them  to  be  convex^  three  and  a  half  inch  focns ;  and,  with 
the^  gkfiseS)  vision  was  a  little  better  tlmn  two-thirds  of  the 
normal  standard, 

**  To  my  siiqirise,  the  patient  then  picked  up  a  newspa- 
per, and,  pushing  this  back  and  forth,  as  persons  ordinarily 
do  who  are  trying  glasses,  remarked  that  she  could  see  per- 
fectly well,  quite  as  well,  in  fact,  as  with  the  old  pair.  This 
drew  my  attention  more  particularly  to  the  case,  and  the  re- 
sult of  a  more  critical  examination  was  as  follows : 

"  With  -h  a^,  the  patient  read  with  either  eye  fluently 
Snellen,  XXX,,  and  was  able,  with  both  eyes,  to  pick  out 
most  of  the  letters  of  XX.  at  twenty  feet.  She  could  read 
No*  X.  at  ten  feet,  and  Ko,  V.  at  five  feet. 

*'  With  the  same  glass,  and  with  no  change  of  position  on 
the  nose,  she  read  No.  L^  Snellen  fluently,  holding  the  book 
QRturally  at  twelve  inches,  which  was  about  the  distance  at 
which  she  *  usually  read.'  The  book  was  then  gradually 
%iHthdniwn,  the  patient  reading  aloud  while  this  was  done. 
It  was  found  that  twenty-one  and  a  half  inches  was  the  great- 
est distance  at  which  No.  I.f  Snellen  could  be  read.  She 
read  No.  I»  Jaeger  at  twenty  inches.  Tlie  book  was  then  ad- 
y&nced  inch  by  inch,  the  patient  reading  aloud,  till  the  book 
was  witliin  five  inches  of  the  eye.  Inside  of  this,  reading  be- 
came impoesible.  These  experiments  were  tried  over  and 
rer  again  by  myself,  and  were  finally  repeated  in  the  pres* 
188 
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ence  of  a  brother  oculist.  This  would  give  the  patient  an 
adaptability  of  the  eye  for  different  distances  from  twenty 
feet  (or  parallel  rays)  to  five  inches ;  or,  in  other  words,  an 
accommodation  of  ^  ( A  =  ^),  and  a  relative  accommodation 
for  the  very  finest  print  from  twenty  inches  to  five  (A  =  jj^). 
My  own  range,  measured  at  the  same  time,  was  from  twenty 
to  five  inches  (vision  being,  in  my  left  eye,  exceptionally 
large,  ff ). 

"A  careful  examination  of  the  pupils  showed  that  they 
were  of  the  normal  size,  as  were  the  movements  of  the  iris 
in  every  respect.  With  the  ophthalmoscope,  the  pupillary 
space  was  found  in  the  right  eye  to  be  entirely  free  from  any 
remains  of  capsule,  while,  in  the  left,  a  narrow  rim  of  the 
whitened  membrane  just  encroached  on  the  upper  pupillary 
margin,  but  not  to  such  a  degree  as  to  limit  the  size  of  the 
pupil,  and  thus  to  act  as  a  diaphragm.  The  media  of  the  eye 
were  perfectly  clear,  and  the  ophthalmoscopic  appearances 
were  normal  in  every  respect. 

"  The  patient  promised  to  return,  for  the  purpose  of  hav- 
ing the  reflections  of  the  cornea  measured  by  the  optometer, 
and  the  fact  determined  by  the  ophthalmoscope,  whether, 
under  accommodative  efforts,  the  eyeball  became  elongated. 
This  she  failed  to  do,  and  the  case,  as  stated  above,  was 
shortly  after  reported  to  the  New  York  Ophthalmological 
Society,  April  12,  18G9,  and,  in  July,  1870,  to  the  American 
Ophthalmological  Society.  In  the  index  of  the  transactions 
of  the  American  Ophthalmological  Society  for  that  year,  it 
appears  as  a  case  of  '  Apparent  Accommodation  in  a  Lens- 
less  Eye.'  The  paper,  however,  does  not  appear  in  the  text, 
having  been  withdrawn  at  the  last  moment,  as  there  were 
hopes  that  another  examination  could  be  obtained,  and  the 
cause  of  the  accommodation  of  the  eye  be  definitely  settled. 

"Two  years  later,  Prof.  Forster  publislied  a  series  of 
similar  cases  *  under  the  title  of  "  Accommodative  Power  in 

*  Forster,  Accommodations  -Vermoff en  bei  AphakU. — Klinuehe  M^maMcUter 
/ttr  Augenheilkunde^  Eriangen,  1872,  Bd.  x.,  S.  89. 
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The  present  case,  however,  differs  from  those  re- 
ported by  Forster,  in  the  fact  that  the  muge  of  aeeonimoda* 
tiun  was  ^,  larger  than  the  maxiraum  of  any  of  his  cases, 
and,  from  the  very  important  fact  that,  whenever,  in  any  of 
hlB  easG&y  vision,  both  for  the  far  and  neiir,  was  taken,  differ- 
ent glasses  were  nsed.  In  this  case,  the  same  glasses  wei^ 
used,  worn  in  the  same  position,  for  all  distances,  from  in- 
finity up  to  five  inches  from  the  eye*  So,  too,  in  Woinow's* 
series  of  cases,  the  range  of  accommodation  was  taken  only 
for  the  near,  and  araonnted,  on  the  average,  to  ^. 

*^  The  only  case  which  I  know  of  that  bears  a  close  resem- 
blance to  the  one  above  stated  was  reported  by  Arlt/  In 
this  case,  a  young  man,  with  convex  |^,  could  read  both  at 
six  and  at  twenty-four  inches,  and  could  recognize  the  hands 
of  a  steeple-clock,  at  a  distance  of  more  than  live  hunilred 
paces,  with  tJie  same  glass;  but,  as  neither  the  size  of  the 
print  nor  that  of  the  clock  is  given,  no  accurate  conclusions 
can  be  di-awn  from  the  case. 

"  The  ease  observed  by  me  would  then  appear  to  be  the 
first — aa  it  is  certainly  the  most  remarkable — ^subjected  to  the 
recognized  standard  test  of  vision.  Here  the  amount  of  ac- 
commodation was  equal  to  that  of  a  normal  eye  in  a  young 
person ;  and  it  would  seem  impossible  that  the  ability  to  read 
the  finest  print  at  five  inches,  even  taking  into  consideration 
the  magnifying  power  of  the  glass,  could  be  due  to  the  over- 
coining  of  the  circles  of  dispersion,  as  is  claimed  by  the  great 
niAJority  of  physiologists. 

"Forster's  views  and  the  cx^rrectness  of  Ws  tests  have 
been  objected  to  latterly  by  the  following  writers,  cited  by 
Woinow ;  viz,,  Bonders,  Mannhardt,  Coert,  and  Abadie.' 

"  Woinow,  on  the  other  hand,  while  he  thinks  that,  in  the 
normal  eye,  accommodation  is  performed  solely  by  the  lens, 

'  Woiifow,  Bm  Atcotnmoiialiont 'VermS^  hd  AjAakk, — Arthh  fur  CjpA- 
tkalmokgi^,  Berlin,  lS7d,  Bd.  xLx.,  B.  107,  ti  tq, 

>  Ault,  Die  Krankhcii^  det  AugcM,  Prag,  1868,  Bd.  iL,  8.  Si 8. 

*  WofKOnr,  op,  dL—Arehiv  fUr  AuffenAtilktrnde^  Berlin,  1878^  Bd.  six.,  S.  108. 
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believes  that  some  aphakial  eyes  acquire  accommodatiye 
power,  which  is  necessarily  brought  about  through  the  agency 
of  four  factors ;  namely,  the  cornea,  the  yitreous,  the  action 
of  the  ciliary  muscle  and  its  effect  on  the  bottom  of  the  eye, 
and,  finally,  the  effect  of  the  external  muscles  of  the  globe. 
"Woinow  eliminates,  from  this  group,  the  cornea,  while  Fdrs- 
ter  makes  it  the  chief,  if  not  the  sole  agent.  In  two  cases, 
Woinow  was  able  to  observe  the  reflections  from  the  ante- 
rior surface  of  the  vitreous  humor,  which,  in  the  absence  of 
the  lens,  was  convex,  as  was  shown  by  the  image  being  up- 
right. These  reflections  were  too  weak  to  be  measured  by 
the  optometer ;  but  they  were  seen  to  become  smaller  when 
efforts  were  made  to  see  at  dose  distances. 

^^  It  is  to  be  regretted,  and  it  certainly  appears  a  little 
strange,  that,  in  neither  Forster's  nor  Woinow's  cases,  was 
either  the  optometer  or  ophthalmoscope  used  in  the  elucida- 
tion of  this  problem.  But,  while  Woinow's  cases  are,  as  he 
himself  says,  not  conclusive,  yet  they  seem,  like  Arlt's,  Fore- 
ter  s,  and  the  one  just  related,  to  substantiate  the  view  that 
occasionally  a  considerable,  if  not  a  large  degree  of  accom- 
modation may  exist,  even  in  a  lensless  eye." 


CHAPTER  VI. 


BmOCULAR  TISION,  ETC. 


Bract  imprMsiona  produced  by  images  Invertftd  upon  the  retinfl — Single  virion 
with  both  eyea — Corresponding  poiniji — ^Tlie  horopter — Appreciation  of  dis- 
tance and  the  form  of  objects— Mechanism  of  the  stereoscope— Binocular 
fhsion  of  colors — Duration  of  himlnoun  impressions — Irradiation — Move- 
ments of  the  eyeball — Muscles  of  the  eyeball — A^tes  of  rotation  of  the 
gjlobe  for  the  dlflereni  nets  of  muscles — Action  of  the  recti  muscles — ^Action 
of  the  oblique  muscles — ^Assoeitited  action  of  the  different  muscles  of  the 
tyeball — P&rta  for  the  protection  of  the  eyeball — ^Eyelids — Muscles  which 
open  and  close  the  eyelids — Coxgunctiral  mucous  membrane — ^LachiTmal 
apparatus — Composition  of  the  tears. 

Ik  beginning  our  study  of  the  optical  apparatus,  it  was 
'  il^ted  that  we  did  not  pmpoge  to  treat  of  the  subject  ex- 
luwigtively,  and  that  we  should  omit  the  consideration  of  cer- 
tain points,  interesting  in  themselves,  but  not  essential  to  a 
eoinprehension  of  the  physiology  of  vision.  We  have  thus 
far  considered  pretty  fidly  the  anatomy  of  the  eye^  a  clear 
idea  of  whicli  is  a  neoessarj^  preparation  for  the  study  of  its 
]  *  ■  '  Lry.  We  have  also  studied  the  action  of  the  eye  as 
ii  '  ^  il  instrument,  with  the  mechanism  of  refraction,  the 
fommtion  of  images  on  the  retina,  the  movements  of  the 
iriR,  and  the  raecham'sm  of  accommodation.  In  this  chapter, 
we  shall  treat  of  binoculiir  vision,  the  duration  of  luminous 
impressions,  irradiation,  the  movements  of  the  eyeball,  and 
the  parts  for  the  protection  of  the  eye.  It  does  not  seem 
desirable  to  consider  even  these  points  with  great  elaborat©- 
neas.  If  we  have  become  thorougldy  acquainted  mth  the 
mechanism  of  the  formation  of  images  upon  the  retina  and 
the  physiological  action  of  the  different  parts  of  the  optical 
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apparatus,  it  will  be  sufficient  to  note  the  action  of  both  eyes, 
as  contrasted  with  the  action  of  one,  in  normal  vision,  with- 
out discussing  fully  the  multitude  of  curious  observations 
made  with  the  stereoscope ;  and  we  can  readily  comprehend 
the  action  of  muscles  by  which  the  axis  of  vision  is  directed 
toward  different  objects,  without  entering  into  a  discussion 
of  abstruse  mathematical  calculations  with  regard  to  the 
exact  centre  of  rotation,  the  law  of  torsions,  and  other  points 
connected  with  physiological  optics.  These  are  questions, 
however,  of  great  interest  to  ophthalmologists,  and  are  fully 
discussed  in  elaborate  special  treatises. 

We  shall  allude  briefly,  in  this  connection,  to  a  question 
which  has  long  engaged  the  attention  of  physiologists,  and  one 
which,  we  cannot  but  think,  has  been  made  the  subject  of 
much  unprofitable  speculation.  It  is  a  matter  of  positive 
demonstration  that  the  images  of  objects  seen  are  inverted 
as  they  appear  upon  the  retina.  Why  is  it,  however,  that 
objects  are  appreciated  as  erect,  when  their  images  are  thus 
inverted  ?  With  a  knowledge  of  the  fact  that  the  apprecia- 
tion of  impressions  made  upon  the  nerves  of  special  sense  is 
capable  of  education  and  is  corrected  by  experience,  it  seems 
hardly  necessary  to  enter  into  an  elaborate  discussion  of  this 
point.  We  appreciate  with  accuracy  the  density  of  objects, 
the  direction  of  sounds,  differences  in  musical  tones,  the 
taste  of  sapid  substances,  odors,  etc.,  as  the  result,  to  a  great 
degree,  of  education.  In  the  same  way,  probably,  we  ac- 
quire the  power  of  noting  the  position  of  objects  in  vision ; 
but  even  this  supposition  is  not  necessary  to  explain  the 
phenomenon  of  direct  ^^sion  by  means  of  inverted  images. 
The  following  paragraph,  quoted  from  Giraud-Teulon,  is  a 
simple  expression  of  facts,  and  shows  the  absurdity  of  the 
elaborate  theoretical  explanations  made  by  many  of  the  ear- 
lier writers : 

"If  the  objects  seen  mark  their  image  upon  the  retina, 
each  one  in  a  proper  secondary  axis ;  if,  on  the  other  hand, 
the  retina  appreciates  these,  independenUy  of  ^uradves,  in 
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R^^Srne  secondarj'  axes,  which  all  cross  at  the  eame  point, 
'  it  h  evident  that  an  exact  or  e^'ect  sensation,  aa  well  as  the 
object  which  produces  it,  should  necessarily  correspond  to  an 
inverted  or  reversed  image.  But  it  is  neither  habit,  educa- 
tion, nor  information  derived  from  tho  sense  of  touch,  that 
enables  us,  aa  it  ija»eaid,  to  see  objects  erect  bj  means  of  re- 
[  tersed  images.  The  retina  sees  or  localizes  objects  where 
thev  are ;  that  is  what  we  call  *  erect,-  If  the  picture  be  re- 
Tereed,  it  is  a  mere  matter  of  geometry/'  * 

In  discnaBing  tlie  same  question,  Helniholtz  says  that  "  our 
natural  consciousness  is  completely  ignorant  even  of  tlie  ex- 
istence of  the  retina  and  of  the  formation  of  images :  how 
ahoidd  it  know  any  thing  of  the  position  of  images  formed 
upon  it  i "  ■ 

JBmocular  Vtmcn, 

We  have  thus  far  considered  the  mechanism  of  the  eye 
and  its  action  as  an  optical  instrument,  in  simple,  or  monocu- 
lar vision.  It  is  e\identj  however,  that  we  habitually  use 
botJi  eyes,  and  that  their  axes  are  practically  parallel  in  look- 
ing at  distant  objects  and  are  converged  when  objects  are 
approached  to  the  nearest  point  at  which  wo  have  distinct 
vision.  In  fact,  an  image  is  formed  simultaneously  upon  the 
retina  of  each  eye,  but  is  nevertheless  appreciated  as  a  unit. 
If  the  axis  of  one  eye  be  slightly  deviat^jd  by  pressure  upon 
the  glol>e,  so  that  the  images  are  not  formed  upon  correspond- 
ing points  upon  the  retina  of  each  eye,  our  vision  is  more 
or  less  indistinct,  and  is  double.  In  strabismus,  when  tliis 
condition  is  recent,  temporary,  or  periodical,  as  in  recent 
ca^s  of  paralysis  of  the  external  rectus  muscle,  when  both 
eve«  are  normal,  there  is  double  vision.  AVlien  the  strabismus 
is  permanent  and  has  existed  for  a  long  time,  double  vision 
mar  not  l>e  observed,  unless  the  subject  direct  the  attention 
strongly  to  this  jx)int.    As  it  is  usual,  in  such  cases,  for  one 

'  OiRir^TKrLON,  L<t  ritthn  Unoeulairt.^^Hrt'He  det  eourt  MtirnHfiquet^  Paiii, 
I8«:^ia«8,  tome  r.,  p,  22S. 

*  HKumottz,  OpHqne phjf&iolv^ue,  Paria,  1S67,  p.  *i7l* 
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eye  to  be  much  superior  to  the  other  in  acuteness  of  vision, 
an  object  is  fixed  with  the  better  eye,  and  its  image  is  formed 
upon  the  fovea.  The  image  formed  upon  the  retina  of  the 
other  eye  is  indistinct,  and  in  many  instances  is  habitually 
disregarded ;  so  that,  practically,  the  subject  uses  but  one 
eye,  and  presents  the  errors  of  appreciation  which  attend 
monocular  vision,  such  as  a  want  of  accurate  estimation  of 
the  solidity  and  distance  of  objects.*  It  is  stated,  as  the  rule, 
that  when  strabismus  of  long  standing  is  remedied,  as  far  as 
the  axes  of  the  eyes  are  concerned,  by  an  operation,  binocular 
vision  is  not  restored ;  but  the  experiments  necessary  to  the 
accurate  determination  of  this  point  are  exceedingly  delicate 
and  must  be  made  with  great  care."  This  is  explained  upon 
the  supposition  that  tlie  functional  power  of  the  retina  of  the 
affected  eye  has  been  gradually  and  irrecoverably  lost  from 
disuse.  In  normal  binocular  vision,  the  images  are  formed 
upon  the  fovea  centralis  of  each  eye ;  that  is,  upon  corre- 
sponding points,  which  are,  for  each  eye,  the  centres  of  dis- 
tinct vision. 

It  is  hardly  necessary  to  speculate  with  regard  to  the 
reason  why  two  images,  one  upon  each  retina,  convey  the  im- 
pression of  a  single  object.  We  appreciate  a  sound  with 
both  ears ;  the  impression  of  a  single  object  is  received  by 
the  sensory  nerves  of  two  or  more  fingers ;  the  olfactory 
nerves  upon  the  two  sides  are  simultaneously  concerned  in 
olfaction ;  and,  in  the  same  way,  when  we  look  at  a  single 
object  with  both  eyes,  the  brain  appreciates  a  single  image. 
We  shall  see,  however,  tliat  the  concurrence  of  both  eyes  is 
necessary  to  the  exact  appreciation  of  distance  and  fonn; 
and,  when  the  two  images  are  formed  upon  corresponding 

*  Prof.  H.  D.  Xoyes  has  stated  to  me  Terballj,  that,  in  some  cases  of  stra- 
bismus of  long  standing,  there  has  seemed  to  exist  binocular  yision,  which  is  to 
be  explained  only  upon  the  supposition  that  a  new  fovea  centralis,  as  it  were, 
has  been  formed  in  one  eye,  by  increasing  the  sensibility  of  the  retina  at  a  new 
point  through  constant  use. 

«  Stkllwao  vox  Carion,  TreaiUe  on  (he  Diseatea  of  the  Eye,  New  York, 
1868,  pp.  705,  718. 
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points^  the  brain  receives  a  correct  impression  of  a  single 
objot^t,  Wlien  uur  vision  is  perfectly  normalj  tlie  sensiitiun 
of  tlie  situation  of  any  single  object  is  I'eferred  to  one  and 
the  same  point,  and  we  cannot  receive  the  impression  of  a 
double  image,  unless  the  conditions  of  vision  be  abnormal. 

Cm*rmponding  Points, — AVliile  it  requires  no  argument, 
^after  tlie  statements  we  have  just  made,  to  show  that  an 
ige  must  be  formed  upon  the  fovea  of  each  eye  in  order 
to  produce  the  effect  of  a  single  object,  it  becomes  important 
to  ascertain  how  far  it  is  necessiiry  that  the  correspondence 
of  points  be  carried  out  in  the  retina.  This  leads  to  consid- 
erations of  very  great  interest  and  importance*  It  is  ahiiost 
'  eertain  that,  for  absolutely  perfect,  single  vision  with  the  two 
fee,  tJbe  impressions  must  be  made  upi»n  exactly  con-espond- 
ing  points,  even  to  the  ultimate  sensitive  elemeats  of  the  ret- 
ina, We  may  suppose,  indeed,  that  each  rod  and  each  cone 
of  one  eye  has  its  corresponding  njd  and  cone  in  the  other, 
dtuated  at  exactly  the  same  distance  in  corresponding  direo- 
Ltions  from  the  vis\ial  axis/  When  the  two  images  of  an  ob- 
ject are  formed  upon  these  corresponding  points,  they  appear 
as  one ;  but,  when  tlie  images  do  not  correspond,  the  impres- 
sion is  m  though  tlie  inuiges  were  formed  upon  different 
points  in  one  retina,  and,  of  necessity,  they  appear  double. 

Tlie  effect  of  a  slight  deviation  from  the  corresponding 
points  may  be  illustrated  by  the  following  experiment ;  We 
fix  a  small  object,  like  a  lead-pencil,  held  at  a  distance  of  a 
few  inches,  with  the  eyes,  and  see  it  distinctly  as  a  single 
bject ;  we  hold  in  the  same  line,  a  few  inches  farther  re- 
amoved,  another  small  object;  when  the  first  is  seen  dis- 
tinctly, the  second  appears  double ;  we  fix  the  second  with 


*  II  ia  interostiDg  to  note,  in  tbie  coQucetion^  the  point,  sbowii  by  cA»es  of 
bf  miapeia,  that  the  fibres  from  the  optic  tmct  upon  one  siile  are  probably  eoxu 
Q«cie<i  with  the  outer  vertical  bajf  of  tbe  retina  of  the  same  side,  and  with  the 
imtfir  rertieal  half  of  the  retina  of  the  opposite  side.  This  abows  that  the  outer 
halt  of  one  retina  correepoodg  u>  tbe  imier  li&lf  of  tbe  other.    (See  page  41.) 


120 


SPECIAL   SENSES* 


the  ejes,  and  the  first  appears  double.  It  is  evident  here, 
that  when  the  axes  of  the  eyes  bear  upon  one  of  these  objects, 
the  images  of  the  other  must  be  formed  a  certain  distance 
from  the  corresponding  retinal  points. 

Ths  Uarcjpter. — The  above-mentioned  experiment  enables 
OB  to  understand  the  situation  of  the  horopter.  If  we  fix 
both  eyes  upon  any  object  directly  in  front  and  keep  them  in 
this  position,  a  similar  object  moved  to  one  side  or  the  other, 
within  a  certain  area,  may  be  seen  without  any  change  in  the 
direction  of  the  axis  of  vision ;  but  the  distance  from  the  eye 
at  which  we  have  single  vision  of  this  second  object  is  fixed, 
andj  at  any  other  distance^  the  object  appears  double.  The  ex- 
planation of  this  is,  that,  at  a  certain  distance  from  the  eye,  the 
imagcfi  are  formed  upon  corresponding  points  in  the  retina  j 
but,  at  a  shorter  or  longer  distance,  this  cannot  oc^ur.  This 
illustrates  the  fact  that  there  are  corresponding  points  through- 
out the  sensitive  layer  of  the  retina,  as  well  as  in  the  fovea 
centralis*  By  these  experiments,  the  following  facts  have 
been  ascertained :  With  both  eyes  fixed  upon  an  object^  an- 
other object  moved  to  one  side  or  the  other  can  be  distinctly 
seen  only  when  it  is  carried  in  a  certain  curved  line.  On 
either  side  of  this  line,  the  object  appears  double.  This  line, 
or  area,  for  the  line  may  have  any  direction,  is  called  the 
horopter.  It  was  supposed  at  one  time  to  be  a  regular  curve, 
a  poition  of  a  circle  drawn  through  the  fixed  point  and  the 
points  of  intersection  of  the  rays  of  light  in  each  eye.  Tliough 
it  has  been  ascertained  that  the  line  varies  somewhat  from  a 
regular  curve,  and  also  varies  in  different  meridians,  this  is 
due  to  differences  in  refraction,  etc.,  and  the  principle  is  not 
altered. 


It  is  undoubtedly  true  that  education  and  habit  have  a 
great  deal  to  do  with  the  correction  of  visual  impressions 
and  the  just  appreciation  of  the  size,  fonn,  and  distance  of 
objects.     If  we  may  credit  the  account  of  the  remarkable 


BDrOC?Cn.AB  TKTOW. 


121 


CAM  ot  Caq>ar  Hauser,  who  is  said  to  have  been  kept  in 
total  darknefis  and  seclusion,  from  the  ago  of  five  months 
until  he  was  nearly  seventeen  years  old,  the  appreciation  of 
form,  and  distance  is  acquired  by  correcting  and  supple- 
menting the  sense  of  sight  by  experience,  even  in  binocular 
.vision.  This  boy  at  first  had  no  idea  of  die  form  of  objects, 
[>r  of  distance,  until  lie  had  learned  by  touch,  by  walking, 
L?*,  that  certain  objects  were  round,  others  square,  and  had 
actually  traversed  the  distance  from  one  object  to  another, 
At  first,  all  objects  appeared  to  be,  as  it  were,  painted  upon  a 
screen/  Such  points  as  these  it  would  be  impossible  for  us 
to  accurately  observe  in  iufants ;  but  we  have  all  seen  young 
children  grasp  at  remote  objects,  apparently  under  the  im- 
pression that  they  were  within  reach.  It  must  be  admitted, 
however,  that  the  case  of  Caspar  Hauser  is  rather  indctinite  ; 
but  it  la  eertein  that,  even  in  the  adult,  education  and  liabit 
enable  us  to  greatly  improve  the  faculty  of  estimating  dia- 
tances. 

The  important  questions  for  na  now  to  determine  relate 
to  the  difference-s  between  monocular  and  binocular  vision  in 
the  adult-  We  may  see  an  object  distinctly  with  one  eye ; 
but  are  we  able,  from  an  image  made  upon  one  retina,  to  ap- 
preciate all  its  dimensions  and  its  exact  locality  ? 

Accurate  observntions  bearing  upon  this  question  leave  no 
doubt  of  the  fact  that  monocular  vision  is  incomplete  and  in- 
accurate, and  that  it  is  only  when  two  images  are  formed,  one 

*  CoJfpar  I/awtrr,  An  A<raunl  of  an  Iwlividual  Itjit  in  a  Dunf/fon,  nrpO' 
raitdfrom  ail  CommunUyiilon  tfiUh  the  Worlif^  from  f^rhf  Chihlhanf}  to  ahont  the 
A^  of  Se^erUetn,  Braitn  up  from  Ltfjal  Documents.  By  ANfittM  von  Fkuiu 
■ACR,  Presidetil  of  one  of  the  Earjirmn  Courts  of  Appeal,  etc.  Translated  from 
the  German.     Second  Edition,  Uoiion,  18HS. 

At  far  EA  we  can  judgti,  the  history  of  ibU  rcmftrknbte  case  sciniis  to  be  ati- 
t3}piitk\  though  the  scientific  objiervailons  bpc  obscure  and  indefinite.  The  ao- 
founi  of  the  gradual  deiretopment  of  correc*t  vtsion  is  on  page  68. 

iielmholtz  cites  aererul  cases  of  recoTcry  of  sight  at  a  relatively  advanced 
age  in  peffOM  born  blind,  which  show  that  the  ideas  of  distance,  form,  etc,  are 
graditally  acquired  by  exporienoe,  (Helmtioltz,  Optiqut  phyHoto^quf^  Paria, 
IS«T.  p.  740) 
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upon  each  retina,  that  vision  is  perfect.  We  cannot  better 
illustrate  the  truth  of  this  proposition  and  the  exact  condi* 
tion  of  our  positive  knowledge  upon  this  important  point, 
than  by  quoting  in  full  the  facts  and  arguments  advanced  by 
Giraud-Teulon :  * 

"  Monocular  vision  only  indicates  to  us  immediately  visual 
direction^  and  not  precise  locality.  At  whatever  distance  a 
luminous  point  may  be  situated  in  the  line  of  direction,  it 
forms  its  image  upon  the  same  point  in  the  retina. 

"  In  the  physiological  action  of  a  single  eye,  in  order  to 
arrive  at  an  idea  of  the  distance  of  a  point  in  a  definite  di- 
rection, we  have  only  the  following  elements : 

'^  1.  The  consciousness  of  an  effort  of  accommodation. 

"  2.  Our  own  movement  in  its  relations  to  the  point  ob- 
served. 

'^  3.  Facts  brought  to  bear  from  recollection,  education, 
our  acquired  knowledge  with  regard  to  the  form  and  size  of 
objects :  in  a  word,  experience. 

"  4.  The  geometric  perspective  of  form  and  position. 

"  5.  Aerial  perspective. 

"  All  these  are  elements  wanting  in  precision  and  leaving 
the  problem  without  a  decisive  solution. 

"  And,  indeed : 

"  We  place  before  one  of  our  eyes,  the  other  being  dosed, 
the  excavated  mould  of  a  medallion:  we  do  not  hesitate, 
after  a  few  seconds,  to  mistake  it  for  the  relief  of  the  medal- 
lion. This  illusion  ceases  at  the  instant  that  both  eyes  are 
opened. 

"  Or  again : 

"  A  miniature,  a  photograph,  a  picture,  produces  for  a 
single  eye  a  perfect  illusion  ;  but,  if  both  eyes  be  open,  the 
picture  becomes  flat,  the  prominences  and  the  depressions  are 
effaced. 

"  We  may  repeat  the  following  experiment  described  by 

'  Giraud-Teulon,  La  vision  hinoculaire. — Revue  det  eour$  tdeni^fiqust^  Paris, 
1867-1868,  tome  t.,  p.  225,  ei  teg. 
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Malcbranche :  *  Suspend  by  a  thread  a  ring^  tlie  openiDg  of 
which  i&  not  directs!  toward  ub;  8tep  back  two  or  thi*ee 
paces ;  take  in  the  hand  a  stick  curved  at  the  end ;  then, 
dosing  one  eye  with  tlie  hand,  endeavor  to  insert  the  curved 
end  of  tlie  etick  within  the  ring,  and  we  shall  l:>e  surprised  at 
being  unable  to  do  in  a  hundre<i  trials  what  we  ehonld  be- 
lieve to  be  very  easy.  If,  indeed,  we  abandon  the  stick  and 
endeavor  to  pasB  one  of  the  fingers  through  the  ring,  we  shall 
experience  a  certain  amount  of  difficulty,  although  it  is  very 
near.  This  difficulty  ceases  at  the  instant  that  both  eyes  are 
opened,'    (Malebranche,  Des  sena,  liv,  l**,  chap,  ix.) 

**  Afl  regards  precision,  exactitude  of  information  concern- 
ing the  relative  distance  of  objects,  that  is  to  say,  the  idea  of 
the  ikird  dimension  or  of  depths  there  is  then  a  notable  dif- 
ference between  binocular  vision  and  that  which  la  obtained 
by  means  of  one  eye  alone. 

**This  difference  is  brought  strikingly  into  view  by  the 
following  remarks  of  Malebmnche,  remarks  which  themselves 
imply  an  anticipated  idea  of  the  very  principles  of  associated 
vision. 

"  Eetuming  to  the  experiment  with  the  ring,  Male- 
branche  adds  the  following  judicious  remarks;  *But  we 
must  certainly  note  tliat  I  have  said  that  we  endeavor  to  pass 
tluough  the  ring  from  the  side,  and  not  by  a  straight  line 
&om  the  eye  to  the  ring ;  for  then  there  would  be  no  diffi- 
culty, and  indeed  it  would  be  still  easier  to  accomplish  this 
with  one  eye  closed  than  \\ith  both  eyes  opened,  because 
that  guides  us/  (Principle  of  direction,  ^Hthout  localization.) 
*  Therefore,  one  could  say  that  the  difficulty  experienced  in 
passing  through  a  ring  from  the  side,  with  but  one  eye 
opened,  is  because,  the  other  eye  being  closed,  the  angle  of 
which  I  Iiave  spoken  (the  angle  of  convergence  of  the  optical 
axes)  is  not  known ;  for  it  is  not  enough,  in  order  to  recog- 
nize the  size  of  an  angle  (read  m  order  to  recognhe  a  iri- 
an^jle)^  to  know  the  size  of  the  base  and  of  the  angle  formed 
by  one  of  the  sides  with  the  base,  which  is  known  in  the  pre- 
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ceding  experiment ;  but  it  is  necessary  in  addition  to  know  J 
the  angle  formed  by  the  other  side  with  the  base,  or  thai 
length  of  one  of  the  sides,  which  cannot  be  known  esroestfyl 
except  by  opening  the  other  eye.     The  arrangement  of  the 
two  eyes  as  regai*ds  the  angle  formed  by  the  visual  rays  (read 
the  lines  qf  virion)  which  meet  each  other  at  the  object  is 
then  one  of  the  best  and  most  universal  means  made  use  of 
by  the  intelligence  to  judge  of  ths  dhianee  of  thin^sJ* " 

From  the  above  extract,  which  is  entirely  in  accordance 
with  our  present  knowledge,  it  is  evident  that  an  accui:ate 
idea  of  the  distance  of  objects  cannot  be  obtained  except  by 
the  use  of  both  eyes,  and  this  fact  will  explain,  in  part,  the 
errors  of  monocular  visiouj  when  we  look  with  one  eye  upon 
objects  in  relief ;  for,  under  these  conditions,  we  cannot  de- 
termine with  accuracy  whether  the  points  in  reUef  be  nearer 
or  farther  from  the  eye  than  the  plane  surface.  This  will 
not  fully  explain,  however,  the  idea  of  solidity  of  object* 
which  we  obtain  by  the  use  of  both  eyes ;  for  the  estimatiOQ 
of  distance  is  obtained  by  bringing  the  axes  of  both  eyes  to 
bear  upon  a  single  object,  be  it  near  or  remote.  The  fact  is, 
aa  was  distinctly  stated  by  Qalen,  in  the  second  century,*  that, 
when  we  look  at  any  solid  object  not  so  far  removed  as  to 
render  the  visual  axes  practically  parallel,  we  see  with  the 
right  eye  a  portion  of  the  surface  which  is  not  seen  with  the 
left  eye,  and  vice  versa.  The  two  impressions,  thei^efoi^e,  are 
not  identical  for  each  retina ;  the  image  upon  the  left  retina 
including  a  portion  of  the  left  side  of  the  object  not  seen  by 
the  right  eye,  the  right  image  in  the  same  way  including  a 
portion  of  the  right  surface  not  seen  by  the  left  eye*  Thede 
slightly  dissimilar  impressions  are  fused,  as  it  were^  prodace ' 
the  impression  of  a  single  image,  when  vision  is  perfectly 
normal,  and  this  gives  the  idea  of  relief  or  solidity,  enabling 
us  to  appreciate  exactly  the  form  of  objects,  when  they  are  i 
not  too  remote. 

^  Oalikn\  (SWrei  muiicmiguei^  pK^cloffiqua  M  mSdieatm^  par  DARSMBKRa^J 
Pta4a,  1854,  tome  I,  p.  HO,  it  109.  " 
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Tlie  fact  just  stated  is  of  course  a  mathematical  necessity 
in  binocrilar  vision  for  near  objects ;  but  the  actual  demon- 
Btration  of  the  fusion  of  two  disslmilsr  images  and  the  conse- 
quent fontnation  of  a  single  image  gi>'ing  the  impression  of 
BoHdity  was  made  bj  the  invention  of  the  stereoscope,  by 
Wheatstone.'  The  principle  of  this  instrument  is  very  sim- 
ple. Two  pictures  are  made,  representing  a  solid  object,  one 
Tie  wed  slightly  from  the  right  side,  and  the  other,  slightly 
from  the  left,  so  as  to  imitate  the  differences  in  the  images 
formed  upon  the  two  retinae.  These  pictures  are  so  placed 
in  a  box  that  the  image  of  one  is  formed  upon  the  right  ret^ 
ina,  and  the  other,  upon  the  left.  When  these  conditions  ai*e 
accurately  fulfilled,  we  see  but  a  single  image,  and  tliis  con- 
vejrs  to  the  mind  the  perfect  iDusion  of  a  solid  object.  Ex- 
perimenta  with  the  stereoscope  are  so  familiar  that  they  need 
hxirdly  be  dwelt  upon,  With  most  persons,  an  apparatus  ia 
11  Y  to  shut  off  disturbing  visual  impressions ;  but  some 

ir  lulg  are  able  to  fuse  two  images  in  this  way,  placed  in 

proper  poation,  without  the  aid  of  an  instrument,  by  a  sim- 
ple effort  of  the  will. 

The  invention  of  the  stereoscope  haa  led  to  many  curioujs 
and  interesting  experiments,  especially  since  the  art  of  pho- 
Ltography  has  enabled  us  to  produce  pictures  in  any  position 
r%ith  abeolnte  accuracy ;  but  a  simple  statement  of  the  princi- 
ple upon  which  the  instrument  is  constructed  illustrates  the 
mechanism  of  binocular  vision  in  the  appreciation  of  the 
form  of  objects.    Experience,  the  aid  of  the  sense  of  touch, 
etc.,  enable  persons  with  but  one  eye  to  get  a  notion  of  form, 
but  the  impressions  are  never  entirely  accurate  in  this  regard, 
although,  from  habit,  this  defect  occ^isions  little  or  no  incon- 
venience.   A  striking  illustration  of  these  points  is  afforded 
by  the  binocular  microscope,  which,  especially  with  low  mag- 
nifying powers,  produces  a  startling  impression  of  rehef. 
Afi  we  have  just  remarked,  the  stereoscope  affords  a  satis- 

•  WnKAt9ro3(B,   Ccmtrib^iimt  io  the  I^yiioloff^  d/  Vtnion. — FWoBt^iod 
l^mtBttdient,  London,  1888,  toI  xxxriH.,  p.  Z1l,«i  teq. 
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factory  explanation  of  the  mechanism  of  the  eye  in  l3iO  I 
precifltion  of  the  fonn  of  objects ;  but,  notwithstanding  this,' 
a  theory  has  Y>een  proposed,  and  is  adopted  by  some  writeiB, 
that  we  obtain  an  idea  of  form  by  rapidly  and  insensibly  di- 
recting  the  eyes  successively  toward  diiferent  points  on  the 
enrfaee  of  objects.  It  is  ditBenlt  to  understand  liow  the  eye 
can  make  these  rapid  movements,  but  the  question  is  defini- 
tively Hettled  by  a  very  simple  fact  demonstrated  by  Dove, 
Hehnholtz,  and  others.  In  an  article  on  visual  perception, 
by  Helndioltz,  it  is  stated  that  stereoscopic  effect  is  reoog*  | 
nixed  when  two  pictures  are  seen  illuminated  by  an  electrie 
spark,  the  duration  of  which  does  not  amount  to  the  four- 
thousandth  part  of  a  seeondj  so  short,  indeed,  that  a  falling 
body  appears  absolutely  motionless/  Under  these  conditions, 
displacement  of  the  line  of  vision  would  seem  to  be  impos- 
sible. 

We  shall  conclude  our  discussion  of  binocular  vision  and 
the  stereoscope  with  a  brief  account  of  some  experiments 
upon  the  binocular  fusion  of  colors,  which  are  very  curiou% 
though  they  have  no  yery  important  l>earing  upon  the  phys- 
iology of  the  eye  in  ordinary  vision.  Though  an  opposite 
opinion  is  held  by  some  experimenterSj  Helmholtz,  witli 
many  others,  states  that  when  one  color  is  seen  with  one  eyo 
and  another  color  with  the  other  eye,  in  the  stereoscope,  the 
impression  is  not  of  a  single  color  resulting  from  the  combi- 
nation of  the  two.'  It  is  true  that  there  is  an  imperfect  min- 
gling of  the  two  colors,  but  this  is  very  different  from  the 
resulting  color  produced  by  the  actual  fusion  of  the  two. 
There  is,  in  other  words,  a  sort  of  confusion  of  colors,  with* 
out  the  complete  combination  with  which  we  are  familiar  in 
oi'dinary  experiments.  One  additional  point  of  interest, 
however,  is  that  the  binocular  fusion  of  two  pictui'es,  ime» 
qually  illuminated  or  of  different  colors,  produces  a  single 

*  HzL¥0OLTZ,  Z<«  perteptiont  tisuelJea, — B^ue  d^  et»ir$  *cif»tifi^ue»^  PnrU, 
1868-1869,  tome  ri^  p.  422;  and,  Optique  phytioloffique,  Furia,  1867,  p.  981 
■  HiiLiraoLTZ,  Optiqut pkytiologiqm^  Paris,  1667,  p.  976. 
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nnage  of  a  peculiar  liistre,  even  when  both  surfaeea  are  diill. 
Tliifi  may  be  veiy  elegantly  shown  by  making  a  gtereoscopie 
coinbiuation  of  images  of  crystals,  one  with  black  lines  on  a 
white  ground,  and  the  other  with  white  lines  on  a  black 
ground.  The  resulting  image  has  then  the  appearance  of 
dark,  brilliant  crystals,  like  graphite/ 

Duration  of  Zummous  Impressions. 

The  time  necessary  for  vision  is  exceedingly  short ;  so 
short,  indeed,  that  it  almost  passes  our  powers  of  comprehen- 
sion. Taking  advantage  of  the  veiy  delicate  methods  of  chro- 
nometric  observations  now  employed  by  physicists,  it  has  been 
shown  by  Prof.  Rood  tbat  the  letters  on  a  printed  page  are 
distinctly  seen  when  illuminated  by  an  electric  spark,  the  du- 
ration of  which  was  measiired  and  foimd  to  be  not  more 
than  forty  bilHonths  of  a  second*'  By  reference  to  page  74, 
it  will  lie  seen  that  the  waves  of  light  strike  the  eye  at  the 
rate  of  over  live  himdred  millions  of  milhons  in  a  second ;  so 
that,  even  in  the  period  indicated  by  Prof.  Rood,  an  immense 
number  of  waves  have  time  to  impinge  upon  the  retina. 

We  have  long  been  familiar  "with  the  fact  that  an  impres- 
sion made  upon  tlie  retina  endures  for  a  period  of  time  that 
can  readily  be  measured,  and  that  its  duration  bears  a  certiiin 
degree  uf  relation  to  the  intensity  of  the  luminous  excitation. 
If,  after  looking  fixedly  at  a  very  bright  object,  we  suddenly 
produce  complete  obscurity,  the  object  is  more  or  leiss  dis- 
tinctly seen,  when  the  rays  have  ceased  to  pass  to  the  eye, 
and  tlie  image  fades  away  gradually.  When  we  produce  a 
rapid  snctression  of  images,  they  may  be,  as  it  were,  fused 
into  one,  aa  the  spokes  of  a  rapidly-revolving  wheel  are  in- 
dti^tinct  and  produce  a  single  imj>res6itm.  This  is  due  to  the 
persistence  of  the  successive  retinal  impressions  ;  for,  if  a  re- 
volving wheel,  or  even  a  falling  iKxly,  be  illuminated  for  the 

*  lictirnoLrK^  Oj>fit/tie phifMinliy^que^  Parifl^  1867|  p.  ftS8. 

•  RrK)f(,  On  the  Atnount  nf  Ti/tte  turmiafy/or  Viinon^^American  Journal  of 
Mpiutf  tfmi  ^rfti,  Kew  HarcTi,  18T1,  TLiird  Series,  vol  il,  p.  159. 
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brief  iliu'ation  of  an  electric  spark,  it  appears  abeolutely  Bta- 
tionaryj  a^  the  period  of  time  nece&sary  for  perfectly  distinct 
Tision  and  the  duration  of  tlie  illumination  are  so  short,  that 
there  is  no  time  for  anv  appreciable  movement  of  the  object*^ 
The  familiar  experiments  made  with  revolving  disks  beauti-" 
fully  illufitrate  these  points.     In  a  disk  marked  with  alter- 
nate radiating  lines  of  black  and  white,  the  rays  become  en- 
tirely indistinguishable  during  rapid  revolution,  and  the  disk  i 
appeal's  of  a  imiform  color,  such  as  would  be  produced  by  a' 
combination  of  the  black  and  white.    Very  beautiful  eff  e<?ta  of 
artificial  combination  of  colors  may  be  produced  in  this  way^  - 
the  resultant  color  appearing  pre4?iscly  as  if  the  individual] 
colors  had  been  ground  together.    It  is  also  interesting,  in  thii| 
connection,  to  note  tliat  the  duration  of  the  retinal  impre»*1 
sions  varies  considerably  for  the  different  colors.     This  facii 
was  observed  some  years  ago  by  Plateau,'  and  was  con 
by  Emsmann,*  there  l^eing  some  slight  variations  in  the  oom- 
parative  results  obtained  by  these  two  experimenters.     Ac- 
cording to  Emsmann,  the  duration  for  yellow  is  0'26  of  a  seo-j 
ond ;  for  white,  0*25  of  a  second ;  for  red,  0-22  of  a  second ; 
and  for  blue,  0'21  of  a  second. 

It  is  unnecessary  to  describe  farther  in  detail  the  well- 
known  phenomena  which  illustrate  the  point  under  considera- 
tion. The  circle  of  light  produced  by  rapidly  revolving  a 
burning  coal,  the  track  of  a  meteor,  and  other  illustrations 
are  sufficiently  familiar,  as  well  as  many  scientific  toys  pro-d 
ducing  optical  iUosions  of  various  kinds. 

LTadiation.—li  has  been  observed  that  luminous  impres- 
sions are  not  always  confined  to  the  elements  of  the  retina 
directly  involved,  but  are  sometimes  propagated  to  those  im- 
mediately adjacent.     This  gives  to  objects  a  certain  degree  of 

*  PtXTKAU,  U^»€r  emlg$  ^gnmkafttn  dcr  vom  Lichte  avf  dag  Om^^tmrjgam. 
hirv&rffthrtt^im  JBnA'fldfet,— ^uma^m  d^  Phtftik  und  Chemic^  Ldpng,  ]88<Vll4l 
«H  a  309. 

*  EitttiiA.vK^  Jibber  die  Ikmtr  det  HeMmimeh  ^Annaim  der  Pht^k  ^mi 
Chtmie,  LeipaOj^  1864,  Bd.  sd  (rierte  Hetlte,  Bd.  l)^  S.  919. 
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amplification^  which  is  generally  in  proportion  to  their  bright- 
neea.  An  illustration  of  this  is  afforded  by  the  simple  ex- 
periment of  looking  at  two  circles,  one  black  on  a  white 
ground,  and  the  other  white  on  a  black  ground.  Although 
the  actual  dimensionB  of  the  two  circles  are  identical^  the  irra- 
diation of  rays  from  the  white  circle  makes  this  appear  the 
lugger.  In  a  circle  with  one  half  black  and  the  other  white, 
the  white  portion  will  appear  larger  for  the  same  reason. 
This  deception  increases  sensibly  when  we  look  steadily  at 
the  object.  These  phenomena  are  due  to  what  has  been 
called  by  physiologists  irradiation  ;  and  their  explanation  is 
ver}^  simple.  It  is  probable  that  luminous  impressions  are 
never  confined  absolutely  to  those  parts  of  the  retina  upon 
which  the  rays  of  light  directly  impinge,  but  that  the  sensi- 
tive elements  immediately  contiguous  are  always  more  or  less 
involved.  In  looking  at  powerfully  illimiinated  objects,  the 
irradiation  is  considerable,  as  compared  witli  objects  which 
send  fewer  luminous  rays  to  the  eye. 

In  experiments  analogous  to  those  just  described,  mad© 
with  strongly  colored  o1)jeets,  it  has  been  observed  that  the 
lK>rder  of  irradiation  takes  a  color  complementary  to  that  of 
the  object  itself.  This  is  particularly  well  marked  when  the 
objects  are  steadily  looked  at  for  some  time,  Illustrationa  of 
this  j>oint  also  are  very  simple.  If  we  lookeil  fixedly  at  a 
red  erpot  or  figure  on  a  white  ground,  we  soon  see  surrounding 
the  red  object  a  faint  areola  of  a  pale  green  ;  or,  if  the  iniage 
be  yellow,  the  ai^eola  will  appear  pale  blue.  Theso  appear- 
ances have  been  called  accidental  areolae. 

MmemenU  of  the  JSijebaU, 

Tlie  eyeball  nearly  fills  the  cavity  of  the  orbit,  resting,  by 
its  posterior  portion,  upon  a  bed  of  adipose  tissue,  which  is 
never  absent,  even  in  extreme  emaciation.  Outside  of  the 
sclerotic,  is  a  fibrous  membrane,  the  tunica  vaginalis  oeulij  or 
c^psnle  of  TenoD,  which  is  useful  in  maintaining  the  equihb- 
riam  of  the  globe.     This  fibrous  membrane  surrounds  the 
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posterior  two-thirds  of  the  globe,  and  is  loosely  attached  to 
the  sclerotic.  It  is  perforated  by  the  optic  nerve  posteriorly, 
and  by  the  tendons  of  the  recti  and  oblique  muscles  of  the 
eyeball  in  front,  being  reflected  over  these  muscles.  It  is 
also  continuous  with  the  palpebral  ligaments  and  is  attached 
by  two  tendinous  bands  to  the  border  of  the  orbit  at  the  in- 
ternal and  the  external  angles  of  the  lids. 

The  muscles  which  move  the  globe  are  six  in  number  for 
each  eye.  These  are,  the  external  and  internal  recti,  the  su- 
perior and  inferior  recti,  and  the  two  oblique  muscles.  The 
four  recti  muscles  and  the  superior  oblique  arise  posteriorly 
from  the  apex  of  the  orbit  The  recti  pass  directly  forward 
by  the  sides  of  the  globe  and  are  inserted  by  short,  tendinous 
bands  into  the  sclerotic,  at  a  distance  of  from  one-fourth  to 
one-third  of  an  inch  from  the  margin  of  the  cornea.  The 
superior  oblique,  or  trochlearis  muscle  passes  along  the  upper 
and  inner  wall  of  the  orbit  to  a  point  near  the  inner  angle. 
It  here  presents  a  rounded  tendon,  which  passes  through  a 
ring,  or  pulley  of  fibro-cartilage ;  and  it  is  from  this  point 
that  its  action  is  exerted  upon  the  globe.  From  the  pulley, 
or  trochlea,  the  tendon  becomes  flattened,  passes  outward  and 
backward  beneath  the  superior  rectus,  and  is  inserted  into 
the  sclerotic,  about  midway  between  the  superior  and  the  ex- 
ternal rectus  and  just  behind  the  equator  of  the  globe.  The 
inferior  oblique  muscle  arises  just  within  the  anterior  margin 
of  the  orbit,  near  the  inner  angle  of  the  eye,  and  passes 
around  the  anterior  portion  of  the  globe,  beneath  the  inferior 
rectus  and  between  the  external  rectus  and  the  eyeball,  tak- 
ing a  direction  outward  and  slightly  backward.  Its  tendon  is 
inserted  into  the  sclerotic,  a  little  below  the  insertion  of  the 
superior  oblique.  The  general  arrangement  of  these  muscles 
is  shown  in  Fig.  8. 

The  various  movements  of  the  eyeball  are  easily  under- 
stood by  a  study  of  the  associated  movements  of  the  muscles 
just  enumerated,  at  least,  as  far  as  is  necessary  to  the  compre- 
hension of  the  mechanism  by  which  the  eyes  are  directed 
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towfitd  any  particular  object  We  have  already  seen  that 
the  centre  of  exact  vision  id  in  the  fovea;  and  it  is  evident 
that,  in  order  to  see  luxy  object  distinctly,  it  is  necessary 
to  bring  it  within  the  axes  of  vision  of  both  eyee^    As  the 


Fte.a 


As^ 


ly:. 


\ 


1     4 


ttti'  rior 

uhUKi  .    -   :,  i-..-.^  ->. .-'r  J .-.«  ■-.   :^,-  .-.,-^ i..^  ,  ..  ...:--... ,-,  ,  ->  :!;r»- 

|i>r  t«i[»rL«i  j<u|ierion2i :  UK  ItA,  fnkldk  portiu'D  of  tbe  Icvfttar  jMipobn  »u(itirlima  ;  11^  4>[iUo 
ncrre.    (a^frrr,  TKiitd  irMalonOe,  Pftrii,  186a,  Utmn  IL,  ^  U8.) 


globe  18  so  balanced  in  the  orbit  as  to  be  capable  of  rotation, 

irithin  certain  limits,  in  every  direction,  we  have  only  to 

note  the  exact  mode  of  action  of  each  of  the  muscles,  in 

LLijrder  to  comprehend  how  the  different  movements  are  ac- 

roomplished. 

It  ia  sufficient  for  our  purposes  to  admit  tliat,  approxima- 
lively,  there  is  a  common  axis  of  rotation  for  each  pair  of 
lUflcles;  bat  the  movements  of  the  globe  have  been  studied 
mnch  more  minutely  than  this,  with  reference  particularly  to 
the  effects  of  paralysis  of  different  muscles.    The  points  thus 
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developed  are  interesting  and  important  in  their  pathological 
bearing,  but  the  intricate  matheuiatical  calculations  involved 
are  not  eBsential  to  our  comprehension  of  the  simple  acts  by 
which  the  axis  of  vision  is  moved  in  various  directions.  It  is 
not  necessary  to  discuss  the  exact  location  of  the  centre  of  ro- 
tation of  the  eye,  the  mathematical  formulsB  illustrating  what 
are  known  as  the  laws  of  rotation,  or  the  law  of  torsions,  es- 
pecially as  some  of  these  points  are  still  unsettled^  notwith- 
standing the  elaborate  and  delicate  observations  of  Donders, 
HelmholtZj  and  many  others.  In  the  admirable  work  of 
Helmholtz,  to  which  we  have  so  often  referred,  we  find  the 
following  statement,  which  will  form  the  basis  of  our  study 
of  the  ocidar  movements : 

"  By  the  diversified  combination  of  the  action  of  the  six 
muscles,  not  only  may  the  axis  of  the  eye  be  turned  in  all  di- 
rections, but  the  eye  may,  in  addition^  receive  movements  of 
rotation  around  this  axis.  If  we  have  assumed  for  each  pair 
of  muscles  a  common  axis  of  rotation,  it  is  that  this  supposi- 
tion seems  admissible,  at  least  as  a  iirst  approximation,  and 
that  it  simplifies  to  a  remarkable  degree  the  examination  of 
the  movements  which  the  muscles  of  the  eye  have  to  per- 
form.'** 

Under  ordinary  conditions,  in  the  hnlnan  subject,  the  ac- 
tion of  the  six  ocvdar  muscles  is  confined  to  the  movements 
of  rotation  and  torsion  of  the  globe.  It  is  said  that,  in  the 
hmnan  subject,  there  is  no  such  thing  as  protrusion  of  tlie  eye, 
from  general  relaxation  of  these  muscles,  and  that  it  is  impoft* 
fiible^  by  a  combined  action  of  the  four  recti  musdes,  to  re- 
tract the  globe  in  the  orbit;*  but  those  who  have  operated 
upon  the  eyes  assert  positively  that  this  statement  is  erro- 
neous; and  that  the  globe  is  ahnost  alwap  suddenly  and 
powerfully  drawn  within  the  orbit  when  a  painful  impression 
is  made  upon  the  cornea.  This  is  stated  as  a  matter  of  com- 
mon observation  by  ophUialniic  8ui*geons.' 

*  IltLMitotTZ,  Optique  phmdofjiqti^^  Pftri«,  186t^  p.  4L 

*  Belmboltz,  (*p.  cit^  p.  t9Q,         *  Oral  communicfttion  fHmi  Prot  Kovea. 
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The  e3rtcnt  to  wliieh  the  line  of  viBion  niay  be  tunieU  by 
a  Toluntary  effort  varies  in  different  individimlB,  even  when 
the  eyes  are  perfectly  normal.  In  myopic  eyes,  the  centre 
of  rotation  is  deeper  in  the  orbit  than  normal,  and  the  ex- 
tent of  the  possible  deviation  of  the  visual  line  is  correspond- 
ingly diminifihed.  Helmholtz  states  that,  in  his  own  person, 
with  the  greatest  effort,  that  he  is  capable  of  making,  he  can 
move  the  line  of  vision  in  the  horizontal  plane  to  the  extent 
of  about  fifty  degi^es,  and,  in  the  vertical  plane,  about  fort}^- 
five  degrees ;  but  he  adds  that  these  extreme  rotations  ai^e 
very  forced,  and  that  they  cannot  be  sustained  for  any  length 
of  time.*  It  is  probable  that  we  seldom  move  tlie  eyebaU  in 
any  direction  to  an  an^^le  of  forty-five  degrees,  the  direction 
of  the  visual  line  being  more  easily  accomplished  by  move- 
ments of  the  head. 


Action  of  the  Recti  Muscles. — The  action  of  the  recti, 
rticularly  the  internal  and  external,  is  quite  simple. 

The  internal  and  the  external  recti  rotate  the  globe  upon 
a  veitical  axis,  which  is  perpendicular  to  the  axis  of  the  eye. 
The  isolated  action  of  these  muscles,  particularly  the  external 
rectus,  is  often  illustrated  in  certain  forms  of  paralysis,  which 
have  been  alluded  to  in  connection  with  the  history  of  the 
cranial  nerves.* 

The  superior  and  the  inferior  recti  rotate  the  globe  upon 
an  horizontal  axis,  which  is  not  at  riglit  angles  with  the  axis 
of  the  eye,  but  is  inclined  from  the  nasal  side  slightly  back- 
ward. The  line  which  serves  as  the  axis  of  rotation  for  these 
mus(*les  forms  an  angle  of  about  seventy  degrees  with  the 
axis  of  the  globe ; '  and,  as  a  consequence  of  this  arrange- 
ment, their  action  is  not  so  simple  as  that  of  the  internal  and 
external  recti.     The  insertion  of  the  superior  rectus  is  such, 

*  EUtMtiOLTZ,  Optupte  phy*iologiqu€^  Paris,  1867,  p,  598, 

»  Ftir  an  accoiint  of  the  effects  of  paralyais  of  one  or  mora  of  the  nerves  of 

I  eyeball,  ihe  reader  U  refoired  to  toL  iv.,  Nerroua  Syslemi  p.  128,  «#  $eq. 
■  IIklmuoltz,  op.  cit^  p.  40. 
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that  when  it  contracts,  the  pupil  is  directed  upward  and  in- 
ward, the  inferior  rectus  directing  the  pupil  downward  and 
inward. 

The  above  represents  the  simple,  isolated  action  of  each 
pair  of  recti  muscles ;  but  it  is  easy  to  see  how,  without  ne- 
cessarily involving  the  action  of  the  oblique  muscles,  the 
globe  may  be  made  to  perform  an  immense  variety  of  rota- 
tions, and  the  line  of  vision  may  be  turned  in  nearly  every 
direction,  by  the  action  of  the  recti  muscles  alone. 

Action  of  the  Oblique  Muscles. — ^Although  there  has  been 
considerable  discussion  concerning  the  exact  mode  of  action 
of  the  oblique  muscles,  their  mechanism  may  now  be  re- 
garded as  pretty  well  settled,  at  least  as  regards  the  human 
subject.  In  tlie  first  place,  it  is  sufficient  for  all  practical 
purposes,  to  assume  that  the  superior  and  the  inferior  oblique 
muscles  act  as  direct  antagonists  to  each  other.  The  next 
point  to  determine  is  the  direction  of  the  axis  of  rotation  of 
the  globe  with  reference  to  the  action  of  these  muscles.  The 
most  exact,  recent  measurements  show  that  this  axis  is  hori- 
zontal, and  that  it  has  an  oblique  direction,  from  before  back- 
ward and  from  without  inward.  The  angle  formed  by  the 
axis  of  rotation  of  the  oblique  muscles  with  the  axis  of  the 
globe  is  thirty-five  degrees ;  and  the  angle  between  the  axis 
of  the  oblique  muscles  and  the  axis  of  the  superior  and  infe- 
rior recti  muscles  is  seventy-five  degrees.* 

Given  the  direction  of  the  axis  of  rotation  and  the  direc- 
tion of  the  superior  oblique  muscle,  it  is  easy  to  under- 
stand the  effects  of  its  contraction.  As  this  muscle,  passing 
obliquely  backward  and  forward  over  the  globe,  acts  from 
the  pulley  near  the  inner  angle  of  the  eye  to  its  insertion 
just  behind  the  anterior  half  of  the  globe  on  its  external  and 
superior  surface  (see  Fig.  8),  it  must  rotate  the  globe  so  as  to 
direct  the  pupil  downward  and  outward. 

The  inferior  oblique,  passing  outward  and  slightly  back- 

*  Helmholtz,  Optique  phifiiologiqtie^  Paris,  1867,  p.  41. 
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vard  tmder  the  globe,  acts  from  it*?  origin  at  the  margin  of 
the  orbit  near  the  inner  angle  of  the  eye  to  its  insertion, 
which  is  just  below  the  insertion  of  the  6ni)erior  ohli([ue- 
Tliis  moficle  rotates  the  globe  bo  as  to  direct  the  pupil  up- 
ward and  outward. 

The  action  of  the  oblique  muscles  seems  to  Tie  sjKJciallj 
coimeeted  with  the  movements  of  torsion  of  the  globe.*  It  is 
necessary  to  distinct,  single  virion  with  both  eyes,  that  the 
images  should  be  formed  upon  exactly  corresponding  pt^iints 
on  the  retina,  and  that  they  should  bear,  for  the  two  eyes, 
ending  relations  to  the  perpendicular.    Thus  it  is  that, 

en  the  head  is  inclined  to  one  side,  the  eyes  slvq  twisted 
upon  an  oblique,  antero-posterior  axis,  as  can  be  readily  ob- 
served if  we  watch  little  spots  upon  the  iris  during  these 
movements. 

The  superior  olJique  muscle  is  supplied  by  a  single  nerve, 
the  patheticua  When  this  muscle  is  paralyzed^  the  inferior 
oblique  acts  Avithout  its  antagonist,  and  the  eyeball  is  immov- 
able, as  far  as  the  twisting  of  the  globe,  just  described,  is 
concerned.  AVhen  the  head  m  moved  toward  the  shoulder^ 
the  globe  eaimot  rotate  to  maintain  a  position  correspond- 
ing to  that  of  the  other  eye,  and  we  have  double  vision* 
This  point  has  already  been  touched  upon  in  connection  with 
the  physiology  <»f  the  nerves  of  the  eyeball'  and  the  discus 
sion  of  tlie  corresponding  points  in  the  retina.* 

Associated  Adion  of  the  Different  Muedes  of  the  Er/e- 
laU, — It  is  almost  unnecessary  to  add,  after  the  description 
jurt  given  of  the  actions  of  the  individual  muscles  of  the 
globe,  that  their  contractions  may  he  assoeiate^J,  so  as  to  pro- 

'  We  use  the  word  torsloti  In  a  sense  diflbrent  from  that  of  rotntion.  By 
lOtllmi,  we  RieAQ  the  twbtiDg  of  the  eyeball  upon  the  axis  of  the  oblique  mus- 
cIm,  M9  «  irboel  would  turn  u]>oii  an  axle,  iniLintalQiDg,  in  this  way^  a  constant 
and  exact  relation^  for  the  two  eyea,  betwcea  the  vertical  and  the  horiiontal  me- 
We  mnke  this  explanation  for  the  i^i^on  that  torsion  is  a  word  not 
booty  used  by  £ngHah  m-ntcra.  It  eortttaponds  lo  Raddrehung^  in  Gennatu 
)  tol.  IF.,  Nervous  System,  p.  136,  *  See  psge  119, 
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dace  an  infinite  variety  of  movements.  We  have  no  con- 
sciousness,  mider  ordinary  circumstances,  of  tlie  muscular 
action  by  which  the  globe  is  rotated  and  twisted  in  various 
directions,  except  that,  by  an  effort  of  the  will,  we  direct  the 
visual  line  toward  different  objects.  By  a  strong  effort,  w© 
can  make  the  eyes  converge  by  contracting  both  internal 
recti,  and  some  persons  can  produce  extreme  divergence  by 
using  l:K>th  external  recti ;  but  this  is  abnonnal. 

In  looking  at  distant  objects,  the  axes  of  vision  are  prao* 
tically  parallel.  When  we  look  at  near  objects,  the  effort  of 
accommodation  is  attended  with  the  amount  of  convergence 
necessary  to  bring  the  visual  axes  to  bear  upon  identical 
points.  In  looking  around  at  different  objects,  we  move  the 
head  more  or  lesa,  rotating  and  twisting  the  globes  in  various 
directions.  In  the  movements  of  the  globes  vertically,  the 
axes  are  kept  parallel,  or  at  the  proper  angle,  by  the  internal 
and  external  I'ecti,  and  the  superior  and  inferior  recti  upon 
the  two  sides  act  together.  In  rotating  the  globe  from  one 
side  to  the  other,  upon  a  vertical  axis,  the  external  rectus 
upon  one  side  act^  with  the  int-emal  rectus  upon  the  other. 
In  the  movements  of  torsion  upon  an  antero-posterior  axis, 
there  must  be  an  associated  action  of  the  oblique  muscles 
and  the  rectL  We  quote  from  Longet  the  following,  as  illiis- 
trative  of  this  combination  of  action : 

*'  If  the  eyes  be  directed  obliquely  upward  and  to  the  left, 
the  vertical  meridians  of  the  two  eyes  are  parallel  and  in- 
clined from  left  to  right,  for  the  left  eye,  outwanl,  and  for 
the  right  eye,  inward.  The  movement  of  the  left  eye  up- 
ward and  to  the  left,  or  outward,  necessitates  a  contraction  of 
the  superior  rectus,  the  external  rectus,  and  tlie  inferior 
oblique  muscles.  As  regaixis  the  right  eye,  also  directed  up- 
ward and  to  the  left,  that  is  to  say,  inward,  this  is  moved  by 
the  simultaneous  action  of  the  superior  rectus,  the  internal 
rectus,  and  the  inferior  oblique."  * 

We  have  given  the  above  quotation  simply  to  illustrate  a 
1  Lo^foST,  TraUi  de phyHohgie,  Paris,  1869^  tome  U,,  p.  928. 


MOVEilENTS   OF  THE   EYEBALL. 


13* 


aOTimSMion  of  action  of  three  muscles  for  each  eye,  the  onl  v 
difference  in  binocular  vision  being  that  in  one  eye  the  ex 
temEl  rectus  id  brought  into  play,  while  the  internal  rectus 
acts  upon  the  opposite  eide.  Eeversing  this  action  of  the  in- 
ternal and  external  recti,  we  have  the  action  which  directs 
the  pnpil  upward  and  to  the  right.  If  we  substitute  for  the 
superior  rectus  and  the  inferior  oblique,  the  inferior  rectus 
and  the  superior  oblique,  we  have  the  pupil  directed  down- 
ward, and  either  to  the  right  or  left,  as  the  internal  or  ex- 
ternal rectus  upon  either  side  is  brought  into  action. 

One  important  point,  never  to  be  lost  sight  of  in  our 
study  of  the  associated  action  of  the  muscles  of  tho  globe, 
relates  to  the  combined  movements  of  the  two  eyes.  We 
have  already  seen  that  perfect  binocular  vision  is  possible 
only  when  inipreBsions  are  made  upon  exactly  corres|K)nding 
points  in  the  retina  of  each  eye.*  If  one  eye  be  deviated  in 
the  horizontal  plane,  tlie  points  no  longer  correspond,  and 
there  is  double  vision,  the  same  as  if  two  impre^ioas  were 
made  upon  one  retina ;  for  when  the  impressions  exactly  con'e- 
8pond,  the  two  retinae  act  practically  as  a  single  organ.  The 
same  is  true  in  deviation  of  the  globe  in  the  vertical  plane. 
It  we  suppose,  for  sake  of  argument,  that  the  retina  is 
square,  it  is  evident  that  a  torsion,  or  twisting  of  one  globe 
upon  an  antero-posterior  axis  {Haddrehung)  must  be  attended 
with  an  analogous  movement  of  the  other  globe,  in  order  to 
bring  the  visual  rays  to  bear  upon  tlie  corresponding  points ; 
in  other  words,  the  obliquity  of  the  assumed  square  of  the 
retina  must  be  exacUy  the  same  for  the  two  eye<3,  or  the  coin* 
cidence  of  the  corresponding  points  would  be  disturbed, 
and  we  should  have  double  vision.  When  we  clearly  under- 
Btand  that  deviation  of  one  eye  in  the  horizontal  or  the  ver- 
tical plane  disturbs  the  relation  of  the  corresponding  fjoints, 
wliich  is  siiffieiently  easy  of  comprehension,  and  that  a  devia- 
tion from  exact  coincidence  of  action  in  torsion  of  the  globes, 
twista,  as  it  were^  the  corresponding  points,  so  that  their  rela* 

■  See  page  119. 
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tion  18  also  disturbed,  we  can  see  that  the  varied  movementa 
of  the  globes,  by  the  eoml>ined  action  of  the  recti  and  obliqne 
mufieles,  mnst  correspond  for  each  eye,  in  the  movements  of 
torsion  npon  an  anteri>posterior  axis,  as  well  as  in  movementd 
of  rotation  upon  the  horizontal  or  the  vertical  axis. 

We  cannot  go  more  elaborately  into  the  various  combinA- 
tions  of  action  of  the  muscles  of  the  eyeball,  without  giving 
the  subject  more  prominence  than  is  desirable  in  a  general 
treatise  on  physiology.  These  questions  are  minutely  studied 
by  Helmholtz,  in  the  work  to  which  we  have  so  often  re- 
ferred.' 

Parts  for  the  Protection  of  tho  Eyeball, 

The  orbit,  formed  by  the  union  of  certain  of  the  lioneB  of 
the  face,  receives  the  eyeball,  the  ocular  niusclcfi,  the  muscle 
of  the  upiKjr  lid,  blood-vessels,  nerves,  part  of  the  lachrymal 
apparatus,  and  contains,  also,  a  certain  amount  of  adipose 
tissue,  which  latter  never  disappears,  even  in  extreme  maraa- 
mus.  The  bony  walls  of  this  cavity  protect  the  globe  and 
lodge  the  parts  above  enumerated.  The  internal,  or  na^ 
wall  of  the  orbit  projects  considerably  l^eyond  the  external 
wall,  so  that  the  extent  of  vision  is  far  greater  in  the  outward 
than  in  the  inward  direction.  As  the  globe  is  more  exposed 
to  accidental  injury  from  an  outward  direction,  the  external 
wall  of  the  orbit  is  strong,  while  the  bones  which  fonn  its 
internal  wall  are  comparatively  fragile.  The  upper  ^^sss^ 
circumference  of  the  orl)it,  the  superciliary  ridge,  is  provided 
with  short,  stiEf  hairs,  the  eyebrows,  which  serve  to  shade  the 
eye  from  excessive  light  and  to  protect  the  eyelids  from  per- 
spiration from  the  forehead. 

The  eyelids  are  folds  of  very  thin  integument,  lined  by  a 
mucous  membrane,  the  conjunctiva.  The  subcutaneous  con- 
nective tissue  is  thin  and  loose,  and  is  entirely  free  from  fat. 
It  presents  numerous  short  papillf©  and  small  sudoriparous 
glands.  At  the  borders  of  the  lids,  are  short,  stiff,  curved 
hail's,  arranged  in  two  or  more  rows,  the  eyelashes,  or  cilia* 

'  HKUtitOtTS)  Opiique  phytiolcffique^  Pana,  1SS7. 
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Those  of  the  upper  lid  are  longer  utkI  more  numerous  than 
the  lower  cilia.  The  curve  of  the  laches  is  from  tlie  eyeball. 
They  6er\^e  to  protect  the  globe  from  duet,  andj  to  a  certain 
extent^  to  shade  the  eye. 

The  tarsal  cartilages  are  small,  elongated,  semilunar  plates, 
extending  from  the  edges  of  the  lids  toward  the  margin  of 
the  orbit.  Their  length  is  about  an  inch.  The  central  ]x»r- 
tion  of  the  upper  cartilage  is  about  one-thiixl  of  an  inch 
broad,  and  the  con^esponding  portion  of  the  lower  cartilage 
meafiuree  about  one-sixth  of  an  inch.  At  the  inner  canthus 
of  the  eye,  is  a  small,  delicate  ligament,  or  tendon,  the  tendo 
palpebranim,  which  is  attached  to  the  lachrymal  groove  in- 
temally^  passes  outward,  and  divides  into  two  lamella?,  which 
are  attached  to  the  two  tarsal  cartilages.  At  the  outer  can- 
thus,  the  cartilages  are  attached  to  the  malar  bone  by  the  ex- 
tanml  tiirsal  ligament.  The  tarsal  cartilages  receive  an  addi- 
tional support  from  the  palpebral  ligament,  a  fibrous  mem- 
brane, attached  to  tlie  margin  of  the  orbit  and  the  convex 
bonier  of  the  cartilageis,  and  lying  beneath  the  orbieidaris 
mn^le.  Thi^  membrane  is  strongest  near  the  outer  angle  of 
the  eye. 

On  the  posterior  surface  of  the  tarsal  cartilages,  partly 
Eibedded  in  them  and  lying  just  beneath  the  conjunctiva, 

I  the  Meibomian  glands.  The  structure  and  functions  of 
these  glands  have  already  been  considered  in  connection  with 
flecretiom*  They  produce  an  oily  fluid,  which  smears  the 
edges  of  the  eyelids  and  prevents  the  ovei-flow  of  teal's. 

Muscles  ichich  ojfen  and  close  the  Efjelid^, — Lea^  ing  out 
the  corrugator  supercilii,  w^hich  draws  the  skin  of  the  foi'o- 
head  downward  and  inward,  we  have  the  orbicularis  palpe- 
brarum, w^hich  closes  the  lids,  and  tlie  levator  pulpebrn?  supe- 
riorie,  which  raises  the  upper  lid.  The  tensor  tarsi,  failed 
the  muscle  of  Homer,  is  a  very  thin,  delicate  muscle,  which 
is  little  more  than  a  deep  portion  of  the  orbicularis,     Con- 

'  See  vol  vL,  Secretion,  p,  tt2. 
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sidering  tliis  as  a  distinct  muscle,  it  consists  of  two  delicate 
Blips,  which  pass  from  either  eyelid  behind  the  lachrymal  sue, 
uniting  here  to  go  to  its  attachment  at  the  posterior  portion 
of  the  laclirymal  bone.  "When  this  acts  with  the  orbicularis, 
it  compresses  the  laclirymal  sac. 

The  orbicularis  palpebrarum  is  a  broad,  thin  musde,  doee^ 
ly  attached  to  the  skin,  Burrounding  the  free  margin  of  the 
lids,  and  extending  a  short  distance  over  the  bones,  beyond 
the  margin  of  the  orbit.  This  muscle  may  be  described  as 
arising  from  the  tendo  palpebrarmn,  the  surface  of  the  nasal 
process  of  the  superior  maxillary  bone^  and  the  internal  an^ 
gular  process  of  the  os  frontis.  From  this  origin  at  the  inner 
angle  of  the  eye,  its  fibres  pass  elliptieally  around  the  fisenre 
of  the  lids,  as  above  indicated.  Its  action  is  to  close  the  lids. 
In  the  ordinaiy,  moderate  contraction  of  tliis  muscle,  only 
the  upper  lid  is  moved ;  but,  in  forcible  contraction,  the  lower 
lid  moves  slightly  and  the  lids  are  drawn  toward  the  nose. 
In  facial  palsy,  or  when  the  temporo-facial  branch  of  the 
portio  dura  of  the  seventh  nerve  is  paralyzed,  this  muscle 
cannot  act,  and  it  is  impossible  to  close  the  eye. 

The  levator  palpebi-se  superiorie  is  situated  within  the 
orbit.  It  arises  from  a  point  a  little  above  and  in  front  of 
the  optic  foramen  at  the  apex  of  the  orbit,  passes  forward 
above  the  eyeball,  and  spreads  into  a  thin  tendon,  which-  is 
inserted  into  the  anterior  surface  of  the  superior  tarsal  carti- 
lage. Its  evident  action  is  to  raise  the  upper  lid.  It  is  ani- 
mated by  filaments  from  the  third  pair  of  cranial  nerves ; 
and,  when  this  nerve  is  paralyzed,  we  have  permanent  falling 
of  the  upper  lid,  or  blepharoptosis.  This  mnscle  and  its  re- 
lations are  shown  in  Fig.  8,  page  131. 

In  the  act  of  opening  the  eyes,  the  levator  muscles  alone 
are  brought  into  play.  Closing  of  the  lids  is  aceomplished 
by  the  orbicular  muscles.  Both  of  these  sets  of  muscles  act 
to  a  great  extent  without  the  intervention  of  the  will.  The 
eyes  are  kept  open  almost  involuntarily,  except  in  extreme 
fatigue ;  though,  when  the  will  ceases  to  act,  the  lids  are 


CXMSTJUNCnVAL  MTJOOUa   MEMHEANE* 


141 


dosed,  Nevertheless  we  are  liardly  conseions  of  an  effort  in 
keeping  the  eyes  open,  in  our  waking  moments,  and  we  re- 
quire an  effoit  to  close  tbe  eyes.  Daring  sleep,  the  eyes  are 
closed  and  tbe  globes  are  tunied  upward*  Tbe  contractions 
of  tl»e  orbicular  muscles  wliich  take  place  in  wiJikiiig  are 
usually  involuntary.  Tlus  act  occurs  at  short  interv^als,  and 
is  useful  in  spreading  tbe  lachrymal  secretion  over  tbe  ex- 
posed portions  of  tbe  globes.  The  action  of  both  sets  of 
muBcles  is  usually  symmetrical,  though  we  may  educate  them 
as  to  close  one  eye  while  the  other  is  kept  open.  The 
tion  of  the  orbicularis  is  so  far  removed  from  the  control 
of  the  will,  that  when  tbe  surface  of  the  globe  is  touched  or 
irritated,  or  when  the  impression  of  light  produces  intense 
pain,  it  is  impossible  to  keep  the  eye  open. 

Conjunctival  Mum-m  Membrane, — ^The  entire  inner  sur- 
face of  the  upper  and  lower  eyelids  is  lined  by  a  mucous 
membmne,  which  is  reflected  forward  from  the  inner  periph- 
ery of  the  lids  over  tbe  eyeball  Tbe  membrane  lining  the 
lids  is  called  the  pnlpebral  conjimctiva,  and  that  covering 
the  eyeWl,  tbe  ocular  conjunctiva.  The  latter  presents  a 
sclerotic  and  a  corneal  portion.  The  membmne  pi'esents  a 
6U])erior  and  an  inferior  fold,  where  it  is  reflected  upon  the 
globe*  In  the  superior  conjunctival  fold,  are  numerous  glan- 
dular follicles,  or  accessory  lachrymal  glands,  which  secrete  a 
eert-ain  poHion  of  the  fluid  which  moistens  tbe  surface  of  the 
eyeball.  These  are  generally  described  as  forming  a  portion 
of  the  lachrymal  gland.  At  the  inner  canthus,  there  is  a  ver- 
tical fold,  tbe  plica  semilunaris,  with  a  reddish,  spongy  eleva- 
tion at  its  inner  portion,  called  tbe  canmcula  lacrymalis.  The 
caruncula  presents  a  collection  of  follicular  glands,  with  a  few 
licate  hairs  on  its  sm^face.  The  conjunctiva  is  continuous 
ritb  tbe  membrane  of  the  lachrjinal  ducts,  the  puneta  lacry- 
midia,  and  tlie  Meibomian  glands.  Beneath  the  conjunctiva, 
escept  in  the  corneal  portion,  is  a  loose  connective  tissue. 

The  palpebi-al  conjunctiva  is  reddish,  thicker  than  tbe 


142  SPECIAL   SENSES. 

ocular  portion,  furrowed,  and  presents  small,  isolated  papillse 
near  the  borders  of  the  lids,  which  increase  in  number  and 
size  toward  the  folds.  This  portion  of  the  membrane  pre- 
sents large  capillary  blood-vessels  and  lymphatics,  and  is  cov- 
ered with  a  layer  of  cells  of  flattened  epithelium.  The  scle- 
rotic portion  is  thinner,  less  vascular,  and  has  no  papillae.  It 
is  covered  by  conical  and  rounded  epithelial  cells,  which  pre- 
sent from  two  to  four  layers.  Over  the  cornea,  the  epithe- 
lium of  the  sclerotic  portion  is  continued  in  delicate,  tran^ 
parent  layers,  without  a  distinct  basement  membrane. 

The  nerves  of  the  ocular  portion  of  the  conjunctiva  and 
the  folds  have  a  peculiar  termination  in  simple  bulbs,  ob- 
served by  Krause,  which  have  already  been  described.*  This 
appearance  of  bulbs  is  thought  by  some  to  be  artificial  and 
due  to  extravasation  of  myeline  in  making  the  prepara- 
tions; but  they  are  regarded  as  true  bulbs  by  many  high 
authorities.* 

The  Lachrymal  Apparatus, — The  eyeball  is  constantly 
bathed  in  a  thin,  watery  fluid  which  is  secreted  by  the  lach- 
rymal gland,  is  spread  over  the  globe  by  the  movements  of 
the  lids  and  of  the  eyeball,  and  is  prevented,  under  ordinary 
conditions,  from  overflowing  upon  the  cheek,  by  the  Mei- 
bomian secretion.  The  excess  of  this  fluid  is  collected  into 
the  laehrjTnal  sac  and  is  carried  into  the  nose  by  the  na- 
sal duct.  The  lachrymal  gland,  the  lachrymal  canals,  duct, 
and  sac,  and  the  nasal  duct,  constitute  the  lachrymal  appa- 
ratus. 

Tlie  lachrymal  gland  is  an  ovoid,  flattened  gland  of  the 
racemose  variety,  resembling  the  salivary  glands  in  its  gen- 
eral structure.  It  is  about  the  size  of  a  small  almond,  and  is 
lodged  in  a  shallow  depression  in  the  bones  of  the  orbit  at  its 
upper  and  outer  portion.    It  is  closely  attached  to  the  perios- 

'  See  vol.  iv.,  NeiTOus  System,  p.  42. 

*  Stricker,  Manual  of  Human  and  Comparative  HiUologyy  The  New  SjdflB* 
ham  Society,  London,  1873,  vol  iii.,  p.  453,  et  teq. 
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team  by  its  upper  surface,  and  is  moulded  IxJow  to  tbe  cou- 
Texity  of  the  globe.  Its  anterior  portion  is  separated  from 
the  rest  by  a  well-marked  groove,  is  comparatively  thin,  and 
adheres  to  the  upper  lid.  It  presents  from  six  to  eight,  usu- 
ally seven,  duets,  which  form  a  row  of  openings  into  the  con- 
junctival fold-  Five  or  six  of  these  orifices  are  situated  above 
the  outer  canthus  and  two  or  three  open  below.  In  its  mi- 
nute structure,  this  gland  presents  no  points  of  special  physi- 
ological interest  as  distinguished  from  the  ordinary  racemose 
glands.  It  receives  nervous  filaments  from  the  fifth  cranial 
nerve  and  the  sympathetic. 

The  apparatus  by  which  the  excess  of;  tears  is  conducted 
into  the  nose  begins  by  two  little  points,  situated  on  the  mar- 
gin of  the  upper  and  the  lower  lid,  near  the  inner  canthus, 
called  the  puncta  lacrymalia,  which  present  each  a  minute 
orifice.  These  points  lead  respectively  into  the  upper  and 
the  lower  lachrymal  canals,  which  together  surround  the  ca- 
runcula  lacrymalis.  At  the  inner  angle,  just  beyond  the  ea- 
nmcula,  the  two  eamils  join,  to  empty  into  the  lachrymal  sac, 
which  is  the  dilated  upper  extremity  of  the  nasal  duct.  The 
duct  is  about  half  an  inch  in  length,  and  empties  into  the 
inferior  meatus  of  the  nose,  taking  a  direction  nearly  vertical, 
inclined  slightly  outward  and  backward.  This  portion  of 
the  lachrymal  apparatus  is  fibrous  and  is  lined  by  a  reddish 
mucous  membrane,  which  presents  several  well-marked  folds. 
Near  the  pimcta,  ai-e  two  folds,  one  for  each  lachrymal  canaL 
Another  pair  of  folds  exists  near  the  horizontal  portions  of 
the  canals.  At  the  opening  of  the  duct  into  the  nose,  is  an 
overhanging  fold  of  the  nasal  mucous  membrane.  These 
folds  are  supposed  to  prevent  the  reflux  of  fluid  from  the 
lachrymal  canals  and  the  entrance  of  air  from  the  nose.  The 
mueoUB  membrane  of  the  lachrymal  canals  is  covered  by  a 
flattened  epithelium,  like  that  of  the  conjunctiva.  The  lach- 
rymal sac  and  duet  are  lined  by  a  continuation  of  the  eiliate^l 
epithelium  of  the  nose.  The  disposition  of  the  apparatus 
jnst  described  is  shown  in  Fig.  9. 
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The  Tears* — The  secretion  of  the  lachrymal  glands  is 
constant,  though  the  quantity  of  fluid  may  be  increased  un- 
der various  conditions*     The  actual  amount  of  the  secretion 

has  never  been  estimated.     Dur- 
ing sleep,  it  is  much  diminished  ; 
and,  when  the  eyes  are  open,  the 
quantity  is  just  sufficient  to  mois- 
ten the  eyeball,  the  excess  being  j 
carried  into  the  nose  so  gradually' 
that  this  process  is  not  appreci- 
ated.    That  this  drainage  of  the 
excess    of    tears    takes    place    is 
shown  by  cases  of  obstruction  of 
the  nasal  duct,  when  the  liquid  eon* 
stantly  overflows  upon  the  cheekS|| 
producing    considerable    inconve*^ 
nience. 

The  mechanism  of  the  action 
of  the  excretory  lachrymal  appa- 
ratus is  quite  simple,  though  it  has 
been  the  subject  of  a  good  deal  of 
discussion.  It  is  proljable  that  the 
openings  at  the  puncta  lacryraa- 
lia  take  up  the  liquid  like  delicate  pipettes,  this  action  beingJ 
aided  by  the  movements  in  winking,  by  which,  when  thai 
lids  are  closed,  the  points  are  compressed  aud  turned  back- 
ward, opening  and  drawing  in  the  tears  when  the  lids  ar 
opened.  It  is  possible  that  the  lachrymal  sac  is  corapr 
in  the  act  of  winking,  by  the  contractions  of  the  muscle  of 
Ilomer,  and  that  this,  while  it  empties  the  sac,  may,  in  the 
subsequent  relaxation,  assist  the  introduction  of  liquid  from 
the  orbit. 

We  know  very  little  with  regard  to  the  chemical  compo- 
sition of  the  tears,  beyond  the  analysis  made  many  years  ago 
by  Frerichs.  According  to  this  observer,  the  following  is 
the  composition  of  the  lachrymal  secretion : 


Dual  ea&ftt,  opened  if  Ibotr  abtA- 
rlor  porttoo.— 1,  wslb  or  the  kcb- 


rior  portkui.- 

lyiDU  patufreft.  smooth  tad  idbe- 
n>Dt;  i  S.  w«Ua  of  th«  kcbrnn*] 
sae.  pr««eDttnr  delicate  Ibldii  of  tlte 
nmeoQA  tncmbmMi :  *»  a  Bimllar 
MA  belonglnir  to  the  naaal  tnU' 
eam  niBmlnsDe.  (SiiFPirT.  7VaU4 
d'amOomU,  Fttta,  1S71,  tocne  IIL, 
p-TOe.) 
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The  specific  gravity  of  tlie  tears  has  never  been  ascer* 
tained.  The  liquid  is  perfectly  clear,  colorless,  of  a  Baltiah 
taste  and  a  feebly  alkaline  reaction.  The  albumen  giren  in 
the  table  is  called  by  some  authors,  laclirymine,  tbrffinine,  or 
daeryoline,"  This  substanoey  whatever  it  may  be  called,  re- 
fiemblea  mucus  in  many  regards,  and  is  probably  eecreted  by 
the  conjunctiva  and  not  by  the  lachrymal  glands.  It  diflfers 
from  ordinary  mucus  in  being  coagulated  by  water/ 

The  secretion  of  tears  is  readily  influenced  through  the 
nervous  eygtem.  Aside  from  the  increased  flow  of  this  seem* 
tion  from  emotional  causes,  which  probably  operate  through 
the  sympathetic,  a  hypersecretion  almost  immediately  follows 
irritation  of  the  mucous  membrane  of  the  conjunctiva  or  of 
the  nose«  The  same  result  follows  violent  muscular  effort, 
laughing,  coughing,  sneezing,  etc.  The  secretion  of  tears 
under  stimulation  of  the  mucous  membrane  is  reflex.  A 
number  of  years  ago,  Magendie  transfixed  with  a  needle 
the  lachrymal  nerve  in  a  man,  and  passed  through  it  a  feeble 
galvanic  current,  producing  an  excessive  flow  of  tears.*  The 
action  in  this  case  was  undoubtedly  reflex, 

StaDZifdiweig,  lSi6,  Bd  ill.,  Erst«  AbUieQimg,  6,  61S, 

*  Rons  XT  TtEDKiL}  ChimU  anaiomigue,  Pari«,  1859,  tome  iiL,  p.  462. 
•S«  ToL  iii.,  Secretion,  p.  66, 

*  UAOEXhiXy  I^icit  iUmetUoin  ds  ph^/dohffie^  Paris,  1S86,  toxDO  t,  p.  (9, 


CHAPTER  Vn. 

AUDrrOBY  NERVES — TOPOGRAPHICAL  AKATOMY  OF  THE  EAR. 

Phjsiological  anatom j  of  the  auditory  nerves — General  properties  of  the  audi- 
tory nerres — ^Effects  of  galyanic  cnrrenta  passed  through  the  ear — ^Topo- 
graphical anatomy  of  the  parts  essential  to  the  appreciation  of  sound — ^The 
external  ear — General  arrangement  of  the  parts  composing  the  middle  ear 
— ^Anatomy  of  the  tympanum — ^Arrangement  of  the  ossicles  of  the  ear — 
Muscles  of  the  middle  ear — ^Mastoid  cells — Eustachian  tube — ^Muscles  of 
the  Eustachian  tube — ^Mucous  membrane  of  the  middle  ear  and  of  the  En* 
stachian  tube — General  arrangement  of  the  bony  labyrinth. 

The  general  considerations  introductory  to  the  study  of 
vision  are  equally  applicable  to  the  physiology  of  hearing. 
The  impressions  of  sound  are  conveyed  to  the  brain  by  spe- 
cial nerves ;  but,  in  order  that  these  impressions  shall  reach 
these  nerves  so  as  to  be  properly  appreciated,  a  complex  ac- 
cessory apparatus  is  required,  the  integrity  of  which  is  essen- 
tial to  perfect  audition.  The  study  of  the  arrangement  and 
action  of  these  accessory  parts  is  even  more  important  and  is 
far  more  intricate  than  the  study  of  the  auditory  nerves. 
The  latter  simply  convey  the  impressions  to  the  brain,  by  a 
mechanism  analogous  to  that  of  general  nervous  conduction, 
the  essential  character  of  which  is  not  fully  understood*  The 
auditory  nerves  conduct  impressions  of  sound,  as  the  optic 
nerves  conduct  impressions  of  light ;  and  this  statement  ex- 
presses the  extent  of  our  positive  knowledge ;  but  there  is  an 
elaborate  apparatus  by  which  the  waves  are  collected,  con- 
veyed to  a  membrane  capable  of  vibration,  and  finally  car- 
ried to  the  nerves,  by  which  we  are  enabled  to  appreciate 
the  intensity  and  the  varied  qualities  of  sound. 

Our  positive  and  definite  knowledge  of  the  auditory  ap- 
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panituB  is  bj  no  means  6o  complete  as  it  is  with  regard  to  the 
eje,  nor  do  we  as  yet  understand  so  clearly  the  physiologic^il 
relations  of  many  points  developed  by  late  anatomical  re- 
searches ;  and,  for  this  reason,  it  does  not  seem  desirable  to 
consider  the  structure  of  the  ear  as  fully  as  we  have  the 
anatomy  of  the  eye,  restricting  ourselves,  as  we  have  done, 
to  the  physiological  anatomy  of  parts.  With  this  end  in 
view,  we  shall  take  up  fully  the  following  points : 

1,  The  physiologiciil  anatomy  and  the  general  properties 
of  the  auditory  nerves 

2.  The  physiological  anatomy  of  the  parts  eesential  to 
the  correct  appreciation  of  sound. 

8*  The  laws  of  the  propagation  of  sonorous  vibrations,  as 
far  as  they  are  applicable  to  audition. 

4.  The  physiological  action  of  diflEereat  parts  of  the  au- 
ditory apparatus. 

Physiological  Anaiomy  of  the  Atiditory  Nerves, — The 
auditory  nerve  constitutes  the  portio  mollis  of  the  seventh 
pair  of  Willis.  The  origin  of  this  nerve  can  easily  be  traced 
to  the  floor  of  the  fourth  ventricle,  where  it  presents  two 
roots.  The  external,  or  superficial  root,  sometimes  called  the 
jKJsterior  root,  can  be  seen  usually  without  preparation.  This 
consists  of  from  five  to  seven  grayish  filaments,  which  decus- 
sate in  the  median  line,  and  pass  outward,  winding  from  the 
fourth  ventricle  around  the  restif orm  body.  The  deep  root 
ooQfiists  of  numerous  distinct  filaments,  arising  from  the  gray 
matter  of  the  fourth  ventricle,  two  or  three  of  which  pass  to 
the  median  line  to  decussate  with  corresponding  filaments  of 
the  opposite  side.  This  root  passes  around  the  restifonn 
pody  inward,  so  that  this  portion  of  the  medulla  is  encuTJed, 
aa  it  were,  by  the  two  roots.  Passing  from  the  superior  and 
lateral  portion  of  the  meduDa  oblongata,  the  trunk  of  the 
nerve  is  applied  to  the  superior  and  anterior  surface  of  the 
facial.  It  tlien  passes  around  the  middle  peduncle  of  the 
cerebellum,  and  receives  a  process  from  the  arachnoid  mem< 
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brane,  wliicli  envelops  it  in  a  common  sheath  with  the  fadiiL 
It  then  penetrates  the  internal  auditory  meatus.  In  its  GonrBe^ 
it  receives  filaments  from  the  restif orm  body,  and  poambly 
from  the  pons  Yarolii  Within  the  meatus,  the  nerve  dirides 
into  an  anterior  and  a  posterior  branchy  the  anterior  being 
distributed  to  the  cochlea,  and  the  posterior,  to  the  vestibula 
and  fiemicireukr  canals.  The  distribution  of  these  branches 
win  be  fully  described  in  connection  with  the  anatomy  of  the 
internal  ear. 

The  color  of  the  auditory  nen^e  is  grayish,  said  its  con- 
fiistence  is  soft,  thus  differing  from  the  ordinary  cerebro-epiBal 
nerves,  and  resembling,  to  a  certain  extent,  the  other  nerves 
of  special  sense.  On  the  external,  or  superficial  root,  is  a 
small  ganglioform  enlargement,  containing  fusiform  nerve- 
cells.  According  to  the  latest  res^udies,  the  filaments  of  the 
trunk  of  this  nerve  consist  of  very  large  axis-cylinders,  sur- 
rounded by  a  medullary  slieath,  but  having  no  tubular  mem- 
brane. In  the  course  of  these  fibres,  are  found  small,  nu- 
cleated ganglionic  enlargements.* 

General  Properties  of  the  AudHory  Jferoes. — There  can 
be  no  doubt,  as  Hoards  the  portio  mollis  of  the  seventh,  that 
it  is  the  only  nerve  capable  of  receiving  and  (M>nveying  to  the 
brain  the  special  impressions  produced  by  waves  of  sound ; 
but  it  is  an  interesting  question  to  determine,  whether  this 
nerve  be  endowed  also  with  general  sensibility.  Analogy 
with  most  of  the  other  nerves  of  qieeial  sense  would  indi- 
cate that  the  auditory  nerves  are  insensible  to  ordinaiy  im- 
pressions ;  and  this  view  is  sustained  by  direct  experiments, 
made  many  years  ago.  Magendie  exposed,  in  a  rabbit,  the 
trunk  of  the  fifth,  and  the  auditory  nerve,  ^'  and,  whenever 
the  fifth  pair  was  touched  as  lightly  as  possible,  there  was 
evidence  of  the  most  acute  senmbility,  while  the  animal  was 
passivB  when  the  auditory  was  touched,  pressed,  or  even 

*  WALDvrm^  in  Btricekii,  Manual  of  Baman  and  Campaf^ihe  ^M^gf^ 
The  New  SjdenbAm  Society,  Laadoa,  1873,  ral  iii,  p.  169. 
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torn."  '  Analogous  observations  have  been  made  by  Valen- 
tin *  and  by  Schifl ; '  but,  in  opposition  to  thet>e,  is  a  state- 
ment by  Brown-S^'quard^  that  the  degree  of  pain  produced 
by  excitation  of  the  auditory  nerve  "  appears  to  be  ae  con- 
siderable as  that  caused  by  a  similar  excitation  of  the  tri- 
geminal nerve."*  This  bare  aesertion,  however,  we  can 
hlirdly  accept  in  opposition  to  the  clear  residts  of  previous 
experiments  and  the  analogy  with  observationa  upon  the  other 
nerves  of  special  sense. 

The  phenomena  observetl  during  the  passage  of  galvanic 
ents  through  the  auditorj^  nerves  have,  of  late  years^ 
been  the  subject  of  much  discussion.  The  old  experiment 
of  Volta,*  which  was  almost  inimediately  confinned  by  Kit- 
ter/  IB  sufficiently  familiar,  and  is  often  quoted  as  showing 
thai  galvanic  stimulation  of  these  nerves  produces  a  sensa- 
tion of  sound  ;  hut  the  facts  ascertained  leave  room  for 
doubt  with  regard  to  the  precise  mode  of  action  of  the  cur- 
rent A  earefid  study  of  recent  observations  on  this  point 
renders  the  question  even  more  obscure  ;  but,  from  a  purely 
physiologic4il  point  of  view,  we  have  only  to  do  with  the 
effects  of  stimulating  the  auditory  nerves  in  health.  Leav- 
ing the  therapeutic  and  diagnostic  uses  of  galvanism  out  of 
the  question,  we  find  that  there  is  considerable  uncertainty 
with  regard  to  the  fact  of  direct  stimulation  of  tlie  auditoiy 
nerves,  in  the  recent  experiments  with  the  galvanic  current. 
Brenner  observ^ed  strong  sensations  of  sound  \dth  one  of  the 
,es  of  a  battery  in  the  auditory  passage  filled  with  water 


pol 


'  Mageitdie,  8uUf  dM  ti^thwnem  mr  let  fonethm  de  la  dnquikne  poire  de 
jt/m, — Journal  di-  j/hysioloffie^  Paris,  1824,  tome  iv.,  p.  314. 

•  Vau[J(tjm,  Lfhrtmch  drr  Phyttioloffie^  Brtuoftchweig,  1844,  Bd.  iL,  S.  678. 

*  ScHifF»  I^hrfmrh  fUr  PhifMoffie,  Ltibr»  18:V8-*fi9,  Bd.  i.,  8,  399, 

*  BiiciW5-SiQrjLar»,  Js^pcrimmtal  Petearcfics  applied  to  Fktftnoloffjf  and  Pathol' 
y,  New  York,  1853»  p,  100. 

'  Volt  A,  On  tht  Elrctricittf  exrilM  Av  iht  mere  Contaei  of  conducting  Sub- 
ttan^te  o/diJTnrfnJ  khtihf.^PhUottophicul  Tranmciime^  London »  1800»  p.  427. 

•  Rirmi,   Vrrmtchf  und  Banrrkwtgen  Hher  dm  Gahaniemue  der  Volt4iU€Aei* 
BaitiHe.—Annalcn  dcr  Ph^eik,  HttUe,  1801,  Bd.  m,  B.  463,  */  9eq. 
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and  tlie  other  connected  with  different  parts  of  the  body.* 
^Vhen  the  cathode  was  placed  in  the  ear,  the  aomid  waa  heard 
at  the  making  of  the  current.  With  the  anode  in  the  ear, 
there  was  no  sound  at  the  making  of  the  current  or  during 
ita  passage,  but  a  slight  sound  wag  heard  at  the  breaking  of 
the  current.  These  phenomena  closely  resemble  those  pro- 
doced  by  the  galvanic  current  applied  to  ordinary  motor 
nerrea,  in  so  far  as  the  action  seemed  to  be  mo^  ^ngoroua  at 
the  making  of  the  circuitj  with  the  direct  current,  and  at 
the  breaking  of  the  circuit,  with  the  inverse  ciurent ;  for, 
when  the  cathode  is  placed  in  tlie  ear,  the  current  is  direct^ 
following  the  course  of  the  nerve  from  the  centre  to  the 
periphery,  and  moe  versa.  In  view  of  the  fact  that  some 
writers  attribute  the  subjective  auditorv  phenomena  ob- 
eerved  by  Brenner  to  stLmnlation  of  branches  of  the  fadal, 
and,  through  this  nerve,  to  the  action  of  the  muscles  of  the 
middle  ear,  it  is  interesting,  in  this  connection,  to  refer  to 
the  experiments  of  Chauveau  upon  the  action  of  the  direct 
and  the  inverse  current  upon  tbe  facial.'  Without  following 
out  the  discussion  of  this  question  in  detail,  it  seems  only 
necessary  to  study  the  very  clear  and  satisfactory  experimenta 
of  Wreden,  to  become  convinced  that  the  subjective  audit<»ry 
phenomena,  attributed  by  Brenner  and  others  to  irritation  of 
the  auditory  nerves,  are  due  to  contraction  of  the  muscled  of 
the  middle  ear,  particularly  the  stapediua.  The  facts,  clinical 
and  experimental,  upon  which  this  view  is  baaed,  are  the  fol- 
lowing :  In  eases  of  clonic  spasm  of  the  stapedius,  sensations 
of  sound  have  been  observed,  exactly  like  those  produced  by 
an  induced  current  In  cases  of  complete  facial  paralysis  from 
otitis,  in  which  paralysis  of  the  auditory  nerve  could  be  posi- 
tively excluded,  it  was  not  possible  to  produce  subjective  au- 
ditory sensations,  even  by  powerful  galvanization  by  a  cathe- 

^  BiL»C!fKii,  Zfir  Elektrophtftidogie  ttnd  EttktropatMogie  ifft  Ntrvm  ctcu^Hcm, 

— <»,  Peter9>hHr^€r  tnetUHniMfJu  ZeUschri/t,  St  Peteraburg,  |8(J3,  Bd,  ir,  3.  iM, 

■  See  Tol  ir.,  NerriruB  System,  p.  11^ 
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ter  passed  tkroiigh  the  Eustacliian  tube  into  the  tympanic 
cavity,  or  by  the  external  meatus.  In  addition,  tliei-e  are 
other  weU-OBtabliehed  clinical  observations,  mentioned  by 
Wpeden,  which  sustain  the  theory  of  muscular  eontractionj 
and  are  opposed  to  the  idea  of  direct  stimulation  of  the  au- 
ditory nerves/ 

The  fact^  just  stated  show  that  there  is  no  positive  evi- 
dence of  the  production  of  impressions  of  sound  by  gal- 
vanic stimidation  of  the  auditory  nerves ;  while  it  appears, 
from  erf>eriments  wliich  we  have  already  cited,  that  these 
nerves  are  not  endowed  with  general  sensibility.  The  re- 
sults, then,  as  regards  the  auditory  nerves,  are  simply  n^ar 
tive,  Were  it  possible  to  expose  these  nerves  to  mechanical 
or  galvanic  stimulation,  in  the  human  subject,  without  in- 
volving other  parts,  we  might  arrive  at  some  definite  conclu- 
flion  ;  but  the  difiieulties  in  the  way  of  such  an  e3q>eriment, 
it  must  be  admitted,  have  thus  far  proved  insurmountable. 

Topo^rajphical  Anatomy  of  the  Parts  essential  to  the  Appre- 
eiaiion  of  Sound, 

Perfect  audition  requires  the  anatomical  integrity  of  a 
very  complex  apparatus,  which,  for  convenience  of  anatom- 
ical description,  may  be  divided  into  the  external,  niidcUe, 
and  internal  ear.  A  correct  appreciation  of  the  physiology 
of  these  parts  demands,  as  a  neoessaiy  preparation,  a  knowl- 
edge of  their  physiological  anatomy : 

1.  The  external  ear  includes  the  pinna  and  the  external 

^  WltEDC^i  BdhrSi^  tur  BtffrUnJung  einer  Lehn  iiber  die  dektrUehe  JMxvmff 
der  Bimmnmmhin  det  Ohrt*, — ^,  Fdtrwburffer  medieimi^ehe  Zeiitehrift,  Si.  Po- 
tmborg,  1871,  Ketie  Folge,  Bd.  \l,  a  440. 

A  Terj  full  review  of  the  literAture  of  thia  su^jeet,  witb  eoplous  referencea, 
ii  giTen  by  Wr«den  {Em  Fttll  t^cm  Verbrtnnwtff  der  FintkenhUfde^  eic^Si.  Pe^ 
ter9h>uiyrr  mcdidnUche  Zt%t9chrift,  St.  Peteraborg,  1871,  Neue  Folgie,  Bd.  !.,  Se- 
p»r»t»bdruck,  S.  86,  et  4^,)  A  replj,  by  Bcliwurtie,  to  the  experiment*  and 
ooodusion^  of  Brenner  is  publifhcd  in  the  Arehh  fikr  Ohrmheilhtnde,  Wiirta- 
trurg^  1964,  Bd»  i.,  S.  44,  et  neg.  ;  and  a  renew  of  Brenner's  theory  and  the  reply 
of  Schwaitie  wafl  published  bj  Hagen,  in  186<3.  {Frakiitche  Beilrai^  tur  Ohrm^ 
htakumde,  Leipzig,  16^.) 
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aaditorjr  meatus^  wluch  id  doeed  iatemaUy  by  Uie  membraiia 
tyniponL 

2*  The  middle  ear  includes  tlie  cavi^  of  tlie  ^mipaDum^ 
or  drain,  with  its  boundaries.  The  parts  here  to  be  described 
are,  the  membrana  tympani,  the  form  of  the  tympanic  carity, 
its  openings,  its  lining  membrane,  and  the  small  bones  of  the 
ear,  or  ossidee^  with  their  ligaments,  musdes,  and  n^^ves. 
The  cavity  of  the  tympanum  communicates,  by  the  Eor 
stadiian  tabe,  with  the*  pharynx  and  also  presents  openings 
into  tlie  mastoid  cells. 

3.  The  internal  ear  contains  the  terminal  filaments  of  the 
auditoty  nerve.  It  includes  the  vestibule,  the  three  semi* 
circular  canals,  and  the  cochlea,  which  together  form  the 
labyrintlu 

The  pinna  and  the  external  meatus  simply  conduct  the 
waves  of  sound  to  the  tympanum-  The  parts  entering  into 
the  structure  of  the  middle  ear  are  accessory,  and  are  analo* 
gous,  in  their  functions,  to  the  refracting  media  of  the  eye. 
Structures  contained  in  the  labyrinth  constitute  the  true 
sensory  organ  i  and  these  bear  the  same  relations  to  the  an- 
ditory  apparatus  as  the  retina  to  the  eye. 

The  External  Ear, — ^It  is  hardly  necessary  to  our  purpose 
lo  d^cribe  very  minutdy  the  external  ear.  The  pinna,  or 
auricle,  is  that  portion  projecting  from  the  head,  which  first 
receives  the  waves  of  sound.  Beginning  externally,  we  have 
the  helix,  which  is  the  outer  ridge  of  the  pinna.  Just 
within  this,  is  a  groove,  called  the  fossa  of  the  helix.  This 
fossa  is  bounded  anteriorly  by  a  prominent  but  shorter 
ridge,  called  the  antihelix ;  and  above  the  concha,  between 
the  superior  portion  of  the  antihelix  and  the  anterior  portion 
of  the  helix,  is  a  shallow  fossa,  called  the  fossa  of  the  anti* 
helix.  The  deep  fossa,  immediately  surrounding  the  open* 
ing  of  the  meatus,  is  called  the  concha.  A  small  lobe  pro- 
jects posteriorly,  covering  the  anterior  portion  of  the  concha^ 
and  is  called  the  tragus ;  and  the  projection  at  the  lower  ex- 
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trcmity  of  the  antilielix  ie  called  the  antitrogus.  Tlie  fleshy, 
dependent  portion  of  the  pinna  is  called  the  lobule  of  the  ear. 

The  form  of  the  pinna  and  its  consifiteBce  depend  upon 
the  presence  of  fibro-cartOage,  which  occupies  the  whole  of 
the  external  ear  except  the  lobule.  Thie  structure  has  al- 
ready been  described  in  another  volume/ 

The  integument  covering  the  ear  does  not  vary  much 
from  the  integument  of  the  general  surface.  It  is  thin, 
closely  attached  to  the  subjacent  parte,  and  possesses  small, 
rudimentary  hairs,  with  sudoriparous  and  sebaceous  glands. 

The  muscles  of  the  ear  are  not  important  in  the  human 
subject ;  and,  excluding  a  few  exceptional  cases,  they  are  not 
under  the  control  of  the  will.  The  extrinsic  muscles  are  the 
superior,  or  attolens,  the  anterior,  or  attrahens,  and  the  pos- 
terior, or  retrahens  aurL  In  addition,  there  are  the  six  small 
intrinsic  muscles,  situated  between  the  ridges  upon  the  car- 
tilaginous surface.  The  pimia  is  attached  to  the  sides  of  the 
head  by  two  distinct  ligaments  and  a  few  delicate  ligamen- 
tous fibres. 

The  external  auditory  meatus  is  about  an  inch  and  a 
quarter  in  length,  and  extends  from  the  concha  to  the  mem- 
brana  tympani.  Its  course  is  somewhat  tortuous.  Paasing 
6om  without  inward,  its  direction  is  at  first  somewhat  up- 
urard,  tuniing  abruptly  over  a  bony  prominence  near  the 
middle,  from  which  it  has  a  slightly  downward  direction  to 
the  membrana  tympani.  Its  general  course  is  from  without 
inward  and  slightly  forward.  The  inner  termination  of  the 
eanal  is  the  membrana  tympani,  which  is  quite  oblique,  the 
upper  portion  being  inclined  outward,  so  that  the  inferior 
wall  of  the  meatus  is  considerably  longer  than  the  superior. 

The  walls  of  the  external  meatus  are  partly  cartilaginous 
and  fibrous,  and  partly  bony.  The  cartilaginous  and  fibrous 
portion  occupies  a  little  less  than  half  of  the  entire  length, 
and  consists  of  a  continuation  of  the  cartilage  of  the  pinna 
with  fibrous  tissue.    About  the  lower  two-thirds  of  this  por- 

'  See  ToL  iilf  MoTemeaU,  p.  4^8. 
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tion  of  tlie  canal  is  cartilaginous,  the  upper  third  being 
fibrouB.  The  rest  of  the  tube  is  osseous^  and  u  a  little  li>nger 
and  narrower  than  the  cartilaginous  portion.  Around  the 
inner  extremity  of  the  canal,  with  the  exception  of  its  supe- 
rior portion,  is  a  narrow  groove,  which  receives  the  greater 
portion  of  the  margin  of  the  membrana  tymp&ni. 

The  akin  of  the  external  meatus  is  continuous  with  the 
integament  covering  the  pinna«  It  is  very  delicate,  becom- 
ing thinner  from  without  inward.  In  the  osseous  portion,  it 
adheres  very  closely  to  the  periosteum,  and,  at  the  bottom  of 
the  canal,  it  is  reflected  over  the  membrana  tympani,  forming 
its  outer  layer.  In  the  cartilaginous  and  fibrous  portion,  are 
numerous  short,  stiff  hairs,  with  sebaceous  glands  attached  to 
their  follicles,  and  the  coiled  tubes  known  as  the  cx^ruminoua 
glands.  The  structure  of  these  glands  and  the  propertiea 
and  composition  of  the  cerumen  have  already  been  described 
under  the  head  of  secretion*' 


General  Arrangemmit  of  the  Paris  camjxyaing  the  Middl§ 
Ear. — Without  a  very  elaborate  and  minute  anatomical  de- 
scription, fully  illustrated  by  plates,  it  is  difficult  to  give  a 
clear  idea  of  the  structure  and  relations  of  the  very  complex 
apparatus  of  the  middle  and  the  internal  ear.  Such  a  mi- 
nute and  purely  anatomical  description  would  be  out  of  plaoe 
in  this  work,  where  it  is  desired  only  to  give  auch  an  account 
of  the  anatomy  as  will  enable  the  student  to  comprehend  the 
physiology  of  the  ear,  reserving  for  special  description  cer- 
tain of  the  most  important  structures.  In  beginning  the  dif- 
ficult task  of  describing  the  physiological  anatomy  of  the 
middle  and  internal  ear,  it  will  be  convenient  to  give  a  gen- 
eral outline  of  the  different  parts,  with  their  names.  This, 
with  a  careful  study  of  Figs.  10,  11,  12,  and  13,  can  hardly 
fail  to  greatly  facilitate  the  closer  investigation  of  the  more 
important  structures. 

The  arrangement  of  the  parts  constituting  the  extenia] 
*  See  Tol  ill,,  8ecreti<m,  pp.  60,  «». 
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ear  is  sufficiently  eiiiiple.  The  middle  ear  preseiita  a  narrow 
cavity,  Fi^.  10,  (11),  of  irregular  shape,  situated  between  the 
external  ear  and  the  labyrinthj  in  the  substance  of  the  tem- 
poral bone*  The  general  arrangement  of  its  parts  is  shown 
in  Fig.  10,  The  outer  wall  of  the  tjnnpauic  cavity  is  formed 
by  the  membrana  tympani,  Fig.  10,  (*i).  This  membrane  is 
concave,  its  concavity  looking  outwanl,  and  oblique,  inclining 
usually  at  an  angle  of  about  forty-five  degrees  with  the  per- 
pendicular. This  angle,  however,  varies  considerably  in  dif- 
ferent individuals. '   The  roof  is  formed  by  an  exceedingly 

Fio.  10.* 
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thin  plate  of  bone.  The  floor  is  bony,  and  is  much  nairower 
than  the  roof.  The  inner  wall,  separating  the  lymponic 
cavity  from  the  labyrinth,  is  irregular,  presenting  sereral 
small  elevations  and  foramina.  The  fenestra  ovalia,  an  ovoid 
opening  near  its  npper  portion,  leads  to  the  cavity  of  th© 
vestibule.  This  is  closed,  in  the  natural  state,  by  the  base  of 
the  stapes  and  its  annular  ligament    Below,  is  a  smaller, 

rn.  11. 


Bonei  of  the  tfmpanain  of  tbe  rifbt  tide  (frooa  Arnold).— f  A,  maDetti ;  1,  Its  Imd ;  i.  t]i« 
hiodlo ;  9,  ioaff.  or  aleiidcr  |>roora»  ;  4,  tlrart  proeeM :  B^  t&cai ;  1.  lU  bodr  ;  S,  tb«  loof 
prooMB  witb  tbo  orbleslar  proeMn ;  8,  ahort,  or  poitenof  pRioeta;  4,  artiniur  turftiM  re- 
cietTlng'  tbe  bond  of  tbe  ibaUmu;  C.  tiApm ;  I,  bead;  S,  poMerior  cnu ;  fk  mtaior  eras ;  \ 
bMe;  C*,  bue  of  tbe  flnpe*:  D,  tb«  tbreo  bonei  to  their  nftcanl  cooiieett«ti  u  i(<eti  fhMa 
llkfr  oatekle;  a,  mtlbus;  A,  ben*;  o.  flUpet,  (Qitaiii,  JSZMMntt  ^^*alk9in«,  Loodon, 
IMT,  TOi  U.  p.  U».)  —, 

ovoid  opening,  the  fen^tra  rotunda,  which  leads  to  Ae 
cochlea.  This  is  closed,  in  the  natural  state,  by  a  membrane, 
called  the  secondary  membrana  tympani.  In  addition,  the 
posterior  wall  presents  several  small  foramina  leading  to  th© 
mastoid  cells,  which  are  lined  by  a  continnation  of  the  mu- 
cous membrane  of  the  t>^mpanic  cavity.  The  tympanic  cav- 
ity also  presents  an  opening  leading  to  the  Eufitachian  tube, 
and  a  small  foramen,  which  gives  passage  to  the  tendon  of 
the  stapedius  muscle.  The  Eustachian  tube  extends  from 
the  upper  part  of  the  pharynx  to  the  tympanum. 
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The  small  bones  of  the  ear  are  three  in  iimnbcr ;  *  the 
incus,  the  malleus,  and  the  stap^,  f  oniiing  a  chain,  connected 
together  by  ligaments  (Fig,  11).  These  bones  are  sitnated 
in  the  npper  part  of  the  tympanic  cavity.  The  handle  of 
the  malleiis  (A,  2,  Fig.  11)  is  closely  attached  to  the  mem- 

Fra.  12. 


:,»4«>' 


Dm  llgbt  tnnpefml  hoa^  the  petroM)  portion  romored.  nhowtiy;  thd  onldM  Men  AoiD  wlthtlL 
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wiadt  6.  the  joor  proceu  of  the  l&ctUs  free  tn  tho  ti^mpviki  c*iity,  srtleiilftled  with  tb« 
■tapes;  ^tbe  nuJMtuk,  artloiiktad  with  the  knru^;  T'the  long  proceM  of  the  auIfeQS  In 
ihff  GUBMrha  Smiuw  ;  8^  Um  ttapei^  articuktod  with  the  Utcua.  Thl*  li  di«wn  MUiiewhttt 
oulwud*  otheiwl«e,  tb«  btM  of  fh»  vtftpes  tdoM  wuukl  he  viittal«>  (KODntocft,  Att4i4  dm 
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niAlkfU  alUcbed  to  ths  membnoA  kjriPpMLl. 

brana  tympani,  and  the  long  process  (A,  3,  Fig.  11)  is  at- 
tached to  the  Glaaserian  fissure  of  the  temporal  bone.  The 
malleng  is  articulated  with  the  incus.  The  incus  (B,  Fig.  11) 
is  CH3nnected  with  the  posterior  wall  of  the  tympanic  cavity^ 
near  the  openings  of  the  mastoid  cdls.    It  is  articulated 

'  In  mlclition  to  the  three  bones  ordinarily  enumerated,  Sappey,  ia  the  last 
edltkui  of  hie  work  on  Anatomy,  describes  a  Tery  amall  bone,  tlie  lenticular 
bnoe*  aittkaied  between  the  malleua  and  the  stapes;  but  this  is  oemaUy  ecm- 
•cdklaied  with  the  iDalicus,  though  it  ia  sotnetlmea  united  with  ttie  stapes^  and 
la  jowietarocs  distinct  (SifPST,  TraiU  tPanaimtiift  PoriSt  1871,  tome  iii.,  p. 
SIL) 
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with  the  malleus,  and,  b}^  the  extremity  of  ita  long  proceed 
(B,  2,  Fig,  11),  with  the  stapes.  The  stapes  (C,  Fig.  11)  ig 
the  most  internal  bone  of  the  middle  ear.  It  is  articulated 
by  its  smaller  extremity  with  the  long  prooesd  of  the  ineii^ 
Its  base  is  oval  (C%  Fig.  11)  and,  with  its  annular  ligament, 
is  applied  to  the  fenestra  oralis.  The  direction  of  the  stapes 
is  nearly  at  a  right  angle  with  the  long  process  of  the  incus 
in  the  natural  state  (8,  Fig.  12). 

There  are  three  well-defined  muscles  connected  with  the 
middle  ear.  Of  these^  two  are  attached  to  the  malleus,  and 
one,  to  the  stapes. 

The  largest  of  the  three  muscles  is  the  tenaor  tympanl, 
called  sometimes  the  internal  muficle  of  the  malleus.*  It€ 
fibred  arise  from  the  cartilaginous  ]x»rtion  of  the  Eustachian 
tube,  the  spinous  process  of  the  sphenoid  bone,  and  the  adjV 
cent  portion  of  the  temporal.  From  this  origin,  it  paa6efi< 
backward,  almost  horizontally,  to  the  tympanic  cavity.  In 
front  of  the  fenestra  ovalis,  it  turns,  nearly  at  a  right  angle, 
over  a  bony  process,  and  its  tendon  is  inserted  into  the  han- 
dle of  the  malleus  at  its  inner  surface  near  the  root.  The  i 
tendon  is  very  delicate,  and  the  muscular  portion  is  about ' 
half  an  inch  in  length  (10,  Fig,  10).  The  muscle  and  its 
tendon  are  enclosed  in  a  distinct  fibrous  sheath.  The  action 
of  this  muscle  is  to  draw  the  handle  of  the  malleus  inward, 
pressing  the  base  of  the  stapes  against  the  membrane  of  the 
fenestra  ovalis,  and  producing  tension  of  the  membrana  tym- 
panL  The  fibres  of  this,  and  of  all  the  muscles  of  the  ear, 
are  of  the  striated  variety.  The  tensor  tympani  is  supplied 
with  motor  filaments  fiom  the  otic  ganglion,  which  are  prob- 
ably derived  from  the  facial  nerve,* 

The  laxator  tympani,  the  external  muede  of  the  malleua, 
arises  from  the  spinous  process  of  the  sphenoid  bone  and,  by 
a  few  filament^  from  the  cartilaginous  portion  of  the  Eusta- 
chian tube.  It  passes  backward,  through  the  Glasserian  fis- 
sure, to  be  inserted  into  the  neck  of  the  malleus,  being  en* 

*  See  Tol.  i?.,  Ner?oua  Sjatem,  p.  420. 
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[i|ido6cc].  111  itti  conrse,  in  a  fibrous  sheath.  The  laxator  t\nii- 
'pani  is  generally  believed  to  be  muscular,  though  some  an- 
thurities  deny  that  it  is  corajM^sed  of  true  muscular  libres,  It^ 
.  action  would  be  to  draw  the  malleus  forward  and  outwani, 
producing  relaxation  of  the  membrana  tympani.  It  is  not 
detinitely  known  from  what  nerve  this  muscle  deriv^es  its 
mot4>r  filaments. 

The  stapedius  muscle  is  situated  in  the  descendhig  por- 
tion of  the  aqueductns  Fallopii  and  in  the  earity  of  the  pyra- 
mid on  the  posterior  wall  of  the  tympanic  cavity.  Its  ten- 
don emerges  from  a  foramen  at  the  summit  of  the  pjTamid. 
In  the  canal  in  which  this  .muscle  is  loilged,  its  direction  is 
npvvard  and  vertical.  At  the  summit  of  the  pyramid,  it  turns 
at  nearly  a  right  angle,  its  tendon  passing  horizontally  for- 
ward to  be  attached  to  the  head  of  tlie  stapes.  Like  the 
other  muscles  of  the  ear,  this  is  enveloped  in  a  fibrous  sheath. 
Its  action  is  to  draw  the  head  of  the  stapes  backward,  relax- 
ing the  membrana  tympani.  This  muscle  receives  filaments 
from  the  facial  nerve  by  a  distinct  branch,  the  tympanic/ 

The  posterior  wall  of  the  tympanic  cavity  presents  sev- 
eral foramina  which  open  directly  into  numerous  irregidarly- 
sliaped  cavities,  communicating  freely  with  each  other,  in  the 
ma.^toid  process  of  the  temporal  bone*     These  are  callefl  the 

fttoid  cells.     They  are  lined  by  a  continuation  of  the  nui- 

IQS  membrane  of  the  tympanum.     There  is,  under  certain 

l»nditions,  a  free  circulation  of  air  Itetween  the  pharynx  and 

the  cavity  of  the  tympanum  through  the  Eustachian  tube, 

and  from  the  tympanum  to  the  mastoid  cells. 

The  Enstiichian  tube  (12,  Fig,  10)'  is  partly  b^iny  and 
partly  cartilaginous.  Following  its  direction  from  the  tym- 
panic cavitV;,  it  passes  forward,  inward,  and  slightly  down- 
wanh  Its  entire  length  is  about  an  inch  and  a  half.  Its 
caUl»er  gi-adually  contracts  from  tlie  tympanum  to  the  spine 

*  See  tol  iv.^  S^tvovh  Syitem,  p.  U9. 
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of  the  sphenoid,  and  from  this  constricted  portion  it  gradti- 
ally  dilates  to  its  opening  into  the  pharjux,  the  entire  canal 
presenting  the  appearance  of  two  cones.  The  06seoiifi  portion 
extends  from  the  tympannm  to  the  Bpine  of  the  sphenoid,  ^ 
The  cartilaginons  portion  is  an  irregnkrlytriangular  carti- 
lagBj  bent  upon  itself  above,  forming  a  fnrrow,  with  its  oon-  I 
earity  presenting  downward  and  outward.  The  fibrous  por- 
tion occupies  about  half  of  the  tube  beyond  the  osseous  por- 
tion, and  completes  the  canal,  forming  its  inferior  and  external 
portion*  In  its  structure,  the  cartilage  of  the  Eustachian  tube 
is  intermediate  between  the  hyaline  and  the  fibro-cartilage. 

The  circumflexus,  or  tensor-palati  muscle,  which  has  al- 
ready been  described  in  connection  with  deglutition/  is  at- 
tached to  the  anterior  margin,  or  hook  of  the  cartilage-  The 
attachments  of  this  muscle  have  lately  been  accurately  de- 
scribed by  Eiidinger,  who  calls  it  the  dilator  of  the  tube,* 
though  its  action  had  been  indicated  by  Valsalva,  in  the  early 
part  of  the  laat  century,*  and  was  very  fully  described  by 
Toynbee,  in  1853/  The  following  excellent  summary  of  the  i 
action  of  the  muscles  upon  the  tube  is  taken  from  the  report 
on  otology,  by  Dr.  J,  Ome  Green,  contained  in  the  Tmnsao- 
tions  of  the  American  Otological  Society :  * 

*^The  relations  and  attachments  of  the  muscles  of  the 
Eustachian  tul^e  have  been  recently  demonstrated  very  satis- 
factorily by  Budinger,  The  tensor-palati  muscle  ia  a  dilator 
of  the  tube ;  it  is  inserted  along  the  whole  length  of  the  hook 


*  See  ToL  ii,,  I>ig««tioii,  p,  1S5, 

*  Rui>i!(GEE,  xa  SnucKKB,  Mamual  of  Human  and  Con^araHm  Hwttfkj^  \ 
The  New  Sfdenhflm  Sodetj,  Lcmdoo,  187S,  toL  iil,  p.  7L 

*  Taisalta^  Ik  Aure  ffumma  7hK!tahi§. — Opcra^  Lugd.  BaTat.,  lTi2,  p. 
84.  Ai  AOme  ftUthoi«  tttnte  that  VsIaaIta  did  not  d«scHU«  the  mcUon  of  t!ie  <!!- 
Iiiior  iflU8<jle,  we  ciaote  the  rollowing:  *«  •  ♦  ♦  fMm  ft  mutemim  itU  tfwiitr  4%ilii  ^ 
trahntur^  tune  nati  i$Uema /oramimOy  tuintqm  Eutt4»thiana  diiaianimr,*^ 

*  ToYKBfi,  IX^ime*  oftha  Ear^  PhikdelpbuL,  1360,  p.  215.     The  originftl  oU 
BcrTfliions  of  Toynbee  were  preaentcd  to  the  RojiU  Societj,  in  185S. 

»  Gukkk,  Ih^iort  on  ik«  Pro^rtm  of  Ondofrif,  for  1869-'70.— 7VoiMa«««iM  «►/ 
the  Amfrican  Okihgkal  S»nti^,  Third  Axmntd  Meeting,  New  York.  1870,  p.  ». 
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of  the  cartilage,  passiDg  forward,  inwaril,  and  slightly  down- 
ward, and  its  fibres  epread  out  along  the  edge  of  the  Boft  pal- 
ate and  on  the  side  of  the  pharynx.  In  coutraeting,  it  drawe 
the  hook  of  the  cartilage  foru^ard  and  a  little  downward,  thtis 
enlarging  the  calibi*e  of  the  tube.  The  levator  pidati  takes 
Its  origin  from  the  temporal  hone  just  below  the  osseoiis 
tnl>e,  and  passes  along  the  floor  of  the  tube,  some  of  its  fibres 
arising  from  the  lower  end  of  the  cartilage ;  it  is  inserted  in 
the  uvula,  and,  in  contracting  the  belly  of  the  inuecle  which 
lies  along  the  floor  of  the  tube,  becomes  thicker :  the  floor 
of  the  tube  is  i-aised^  and  the  fibres  arising  from  the  cartilage 
serve  to  draw  the  lower  end  of  this  away  from  the  opposite 
wall. 

"  The  palato-pharyngeus  rises  from  the  posterior  part  of 
the  lower  end  of  the  cartilage,  passes  backward,  and  is  in- 
serted on  the  posterior  wall  of  the  pharynx.  Its  action  would 
be  to  draw  the  posterior  wall  of  the  tube  backward  ;  but,  as 
it  is  often  but  slightly  developed,  it  probably  only  serves  to 
fix  the  cartilage,  so  that  the  other  muscles  can  act  more  effec- 
tively. 

*'  The  opening  of  the  tube  is  thus  the  result  of  the  action 
of  these  three  muscles:  the  tensor-palati,  or  dilator  tubfe, 
draws  the  hook  of  the  cartilage  outward,  the  cartilage  be- 
comes less  curved  and  the  tube  is  widened ;  the  levator  pa- 
lati  in  contracting  becomes  more  horizontal,  and  draws  the 
lower  end  of  the  cartilage  inward  and  upward,  thus  enlarg- 
ing the  pharyngeal  orifice  more  than  3"\  As  soon  as  these 
muscles  eeiisa  acting,  the  elasticity  of  the  cartilage  restores 
the  canal  to  its  former  condition,'^ 

It  is  thus  that  the  action  of  certain  of  the  muscles  of  deg- 
lutition dilates  the  phaiyngeal  end  of  the  Eustachian  tube. 
If  we  close  the  mouth  and  nostrils,  and  make  several  repeated 
acts  of  deglutition,  we  draw  the  air  from  the  tympanic  cav- 
ity, and  the  atmospheric  pressure  rendei's  the  membrane  of 
the  tympanum  tense,  increasing  its  concavity.  By  one  or 
two  lateral  movements  of  the  jaws,  we  open  the  tube,  the 
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pressure  of  aii*  is  eqnalized,  and  the  ear  returns  to  its  normal 
condition.  The  above  h  the  experiment  indicated  bj  Toyn- 
bee,  as  a  demonstration  of  the  action  of  the  pharyngeal  mns- 
dee ;  *  bnt  this  ob&erver  was  in  error  in  supposing  that  the 
Enstachian  tube  is  perfectly  closed  in  the  quiescent  state; 
for  there  probably  always  remains  a  narrow  chink  admitting 
the  passage  of  a  small  quantity  of  air ;  at  least,  this  is  the 
opinion  of  most  modem  writers  upon  the  physiology  of  the 
ear,  particularly  Lueae  and  Schwartze,  who  noted  an  outward 
movement  of  the  membrana  tympani  with  the  inspiratory  act, 
in  healthy  persons  during  tranquil  respiration/  In  describ- 
ing the  dilator  tubae,  Riidiiiger  states  that  he  has  confirmed 
the  observations  of  Troltsch  and  Mayer,  who  have  shown  that 
there  is  a  direct  transition  of  this  muscle  into  the  tensor  tym- 
pani.' The  nerves  animating  the  dilator  tubsB  come  from  the 
pneumogastric  and  are  derived  from  the  spinal  accessory.* 

A  smooth  mucous  membrane  forms  a  eontinnond  lining 
for  the  Eustachian  tube,  the  cavity  of  the  tympanum,  and 
the  mastoid  cells.  In  all  parts,  it  is  closely  adherent  to  the 
subjacent  tissues,  and,  in  the  cavity  of  the  tympanum,  is  very 
thin.  In  the  cartilagiuous  portion  of  the  Eustachian  tube, 
there  are  numerous  mucous  glands,  which  are  most  abundant 
near  the  pharyngeal  orifice,  and  gradually  diminish  in  num- 
ber toward  the  osseous  portion,  in  which  there  are  no  glands. 
Throughout  the  tube,  the  surface  of  the  mucous  membrane 
is  covered  \rith  conoidal  cells  of  ciliated  epithelium.  The 
membrane  of  the  tympanic  cavity  is  very  tliio,  consisting  of 
little  more  than  epithelium  and  a  layer  of  connective  tissue. 
It  lines  the  walls  of  the  cavity,  the  inner  surface  of  the  mem- 
brana  tympani,  is  prolonged  into  the  mastoid  cells,  and  eov- 

1  TOTKBES.  DtMOMt  of  tke  Ear,  PhilAdelpblA,  ISeO. 

'  LccAJ^  Utber  dii  Beapirail&nbtioegunff  dm  7h>mmti/«ik, — Afrhir/Br  OA- 
rrnhnlhtmie,  Wiirtzbarg,  1864,  Bd.  L,  S.  96^  <rf  m^. 

ScirwjLRTZE,  B^ratorUehe  Bewtffwtff  dea  TVornmel/elU—lUd^  &  n%  M  «c^. 

■  R^ntosR,  in  Strioxjui,  Manual  of  ffunuifi  and  CompttnUi^  HiUoh^^ 
ThA  New  Sjdcoluun  Soci«^,  Lo&doa,  IS 78,  vol  iii,  p.  71. 

'  See  ToL  W.,  Ncr? oua  Sjstem)  p«  SOX 
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ers  the  osaicles  and  those  portions  of  the  miigcles  and  tendons 
which  pass  through  the  tynipanum.  On  the  floor  and  on  the 
anterior,  inner,  and  posterior  walbj  the  epithelium  h  of  the 
conoidal,  ciliated  variety.  On  the  promontory,  roof,  oeeicles, 
and  ranscles,  the  cells  are  of  the  pavement  variety  and  not 
ciliated,  the  transition  from  one  form  to  the  other  being  grad- 
ual. The  entire  membrane  contains  numerous  lymphatics,  a 
plexus  of  nerve^fibres  and  nen^e-cellB,  with  some  peculiar 
cells,  the  physiology  of  which  is  not  understood.  The  pres- 
ence of  mucous  glands  in  the  tympanic  cavity,  indicated  by 
Troltsch'  and  others,  has  been  denied  by  Kessel,  for  the 
hnmnn  subject,  though  he  has  found  them  in  tlie  cat  and 
dog.' 

We  hiive  thus  given  a  general  Bketeh  of  the  physiological 
anatomy  of  the  mid^lle  ear,  and  shall  not  find  it  necessary  to 
treat  more  fully  of  the  cavity  of  the  tympaiinra,  the  mastoid 
cells,  or  the  Eustachian  tube,  except  as  regards  certain  points 
in  their  phy6iolog}\  The  minute  anatomy  of  the  membmna 
tympani  and  the  articalations  of  the  ossicles  can  be  more  con- 
veniently  considered  in  connection  with  the  physiology  of 
these  i^arta. 

General  Arrangement  of  the  li&try  Labyrinth. — The  in- 
ternal jKjrtion  of  the  auditory  apparatus  is  contained  in  the 
petrous  portion  of  the  temporal  bone.  It  consists  of  an  ir- 
reguUr  cavity,  called  the  vestibule,  the  three  semicircular 
canals  (13,  14,  15,  Fig,  10),  and  the  cochlea  (1»j,  Fig,  10), 
The  general  arrangement  of  these  parts  in  situ  aiid  their  re- 
laHoiiB  to  the  adjacent  structures  are  shown  in  Fig,  10,  Fig. 
13,  showing  the  bony  labyrinth  isolated,  is  taken  from  the 
beautiful  photograph  contained  in  Ilii^iinger's  atlas. 

The  vestibule  is  the  central  chamber  of  the  labyrinth, 

«  TattLTCtii,  IH»«ti*f^9  of  the  Ear,  Saw  York,  186»,  p.  Iti ;  md,  AnaiomU  d§ 

■  Kjsrkl,  in  Stuilkkr.  M^mual  ♦^  Human  ami  Compamtivt  Ilktolo^i^^  Tht 
Kew  SyUrnTuirii  i?Ofiety,  haniiou^  187!i,  vol  ul,  p.  68. 
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eomniunicating  with  the  tympanic  eavity  by  the  fenestra  ov^ 
lis,  which  is  closed  in  the  natural  state  by  the  base  of  the 
stapes.  This  is  the  central  ovoid  opening  shown  in  Fig.  13, 
The  inner  wall  of  the  vestibule  presents  a  smaU^  round  de- 

Fra.  is. 


The  left  bnnj^  libQnliifb  of  «  novr-bnni  ehUd.  flbrivwd  nid  otitwtrd  riew.-l,  tb^  » la.  , 
t>«glii]iflif  of  tlw  nlnl  eaiul  of  tlk^  McfaJeft;  S.  the  frnettn  rotaods;  S^  the  t*^- 
cT  tbi  eoelilM;  4  &«  final  twlf-tom  oT  tho  mefatM;  &.  th«  bofdrr  of  tfao  t-mr  v^ 
▼Mtnmlew  cttaaled  between  the  ooelilea  umI  tbe  eeinkirralir  oUMlt;  t^  tbv  euj^.H 


ouifll ;  T,  the  iMrttDD  of  tbe  ni|]«rtar  Mmletoenikr  ahmI  bent  outward : 

^  mnBvtT*e  wmidrculsr  cajuJ;  *.  the  poiHoB  of  fbft  WMtedor  f<icuMrM 

witli  tbe  fupetlor  Moitoirvalu'  cuial ;  ia  point  of  Jnnetlao  of  Um  npcnor  lad  i 


6k  tiie  pQiterior.  or  ti«o«v«r»e  mmk 


.,_  _„_._.^ U,  tb«  unpfiilk  9mm  extenui;  1%  i ^ 

ppoitdnfalar  moml  (RfpmoHk,  AUm  dm  mmmMiekm  6^^drorMmm>.  MftBcbo^lSfT, 
LMemafr  U  Tafel  v .  >  Tbe  ez|itutttkio  of  this  Figun  hm  beat  medlfM  tad  nnwd—iea  ftvaa 
Bbdlngvr. 

pression,  the  fovea  hemispherica,  perforated  by  nnmerous 
small  foramina,  throug^h  which  pass  nervous  filaments  from 
the  int-enial  auditory  meatus.  Behind  this  depressiouj  is  the 
opening  of  the  aqueduct  of  the  vestibule.  In  the  posterior 
wall  of  the  vestibule,  are  five  small,  round  openings  leading 
to  the  semicircular  canals,  with  a  ki^er  opening  below,  lead- 
ing to  the  cochlea. 
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The  general  arrangement  of  tbe  semicircular  canals  is 
shown  in  Fig.  13  (0,  7,  8,  9, 10, 11,  12). 

The  arrangement  of  the  cochlea,  the  anterior  divisiou  of 
the  lab}T^nth,  is  shown  in  Fig.  13  (1^  3,  4).  This  is  a  spiral 
canal,  about  an  inch  and  a  half  long,  and  one-tenth  of  an  inch 
wide  at  its  commencement,  gradually  tapering  to  the  apex, 
and  making,  in  it^  coimse,  two  and  a  half  tnrne.  Its  intericir 
presents  a  ccTitral  pillar,  aromid  which  winds  a  spiral  lamina 
of  bone.  The  fenestra  rotunda  (2,  Fig.  13),  closed  in  the 
natural  states  by  a  membrane  (the  secondary  membrana  tym- 
|>tmi),  lies  l)etween  the  lower  portion  of  the  cochlea  and  the 
earitj'  of  the  tympanum. 

What  is  called  the  membranous  labyrinth  is  contained 
within  the  bony  parts  just  described*  Its  structure,  and 
the  ultimate  distribution  and  connections  of  the  auditory 
nenre,  which  penetrates  by  the  internal  auditory  meatus, 
involve  some  of  the  most  intricate  and  difficult  points  in  the 
whole  range  of  minute  anatomy.  Some  of  these  liave  direct 
and  important  relations  to  the  physiology  of  hearing,  while 
numy  are  of  purely  anatomical  interest*  Such  facts*  as  bear 
directly  upon  physiology  will  be  conddered  fully  in  connec- 
tion with  the  functions  of  the  internal  ear. 


CHAPTER  Vm. 

PHYSICS     OF     SOUND. 

Laws  of  sonorous  vibrations — Reflection  and  refraction  of  sound — ^Nolse  and 
musical  sounds — Intensity^  pitch,  and  quality  of  musical  sounds — ^Median- 
ism  of  the  siren — Musical  scale — Harmonics,  or  overtones — Resonators  of 
Helmholtz  —  Resultant  tones — Summation  tones — Harmony  —  Discord — 
Beats  a  cause  of  discord — ^Tones  by  influence  (consonance). 

The  sketch  that  we  have  given  of  the  general  anatomical 
arrangement  of  the  auditory  apparatus  conveys  an  idea  of 
the  uses  of  the  different  parts  of  the  ear.  The  waves  of 
sound  must  be  transmitted  to  the  terminal  extremities  of  the 
auditory  nerve  in  the  labyrinth.  These  waves  are  collected 
by  the  pinna,  are  conducted  to  the  membrana  tympani 
through  the  external  auditory  meatus,  produce  vibrations  of 
the  membrana  tympani,  are  conducted  by  the  chain  of  ossi- 
cles to  the  openings  in  the  labyrinth,  and  are  communicated 
through  the  fluids  of  the  labyrinth  to  the  ultimate  nervous 
filaments.  The  free  passage  of  air  through  the  external  mea- 
tus and  the  communications  of  the  cavity  of  the  tympanum 
with  the  mastoid  cells,  and,  by  the  Eustachian  tube,  with  the 
pharynx,  are  necessary  to  the  proper  vibration  of  the  mem- 
brana tympani ;  the  integrity  of  the  ossicles  and  of  their  lig- 
aments and  muscles  is  essential  to  the  proper  conduction  of 
sound  to  the  labyrinth ;  the  presence  of  liquid  in  the  laby- 
rinth is  a  condition  essential  to  the  conduction  of  the  waves 
to  the  filaments  of  distribution  of  the  auditory  nerves ;  and, 
finally,  from  the  labyrinth,  the  nerves  pass  through  the  inter- 
nal auditory  meatus  to  the  brain,  where  the  auditory  impres- 
sions are  appreciated. 
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Most  of  tlie  points  in  acoustics  which  are  essential  to  the 
comprehension  of  the  physiology  of  audition  are  definitely 
settled.  The  theories  of  the  propagation  of  sound  involve 
wave-action,  concerning  which  there  i&  no  dispute  among 
physicists.  For  the  conduction  of  sounds  a  ponderable  me- 
dium is  essential;  and  it  is  not  necessary,  as  in  the  case  of 
the  iindulatory  theory  of  light,  to  assimie  the  existence  of  an 
imponderable  ether.  The  human  ear,  though  perhaps  not  so 
acute  as  the  auditory  apparatus  of  some  of  tlie  inferior  ani- 
mals, not  only  appi-eciates  in-egular  waves,  such  as  produce 
noise  as  distingmshed  from  sounds  called  musical,  but  is  ca- 
pable uf  distinguishing  regular  waves,  as  in  simple  musical 
sounds,  and  harmonious  combinations. 

In  music,  certain  suceesi?ions  of  regular  soimds  are  agree- 
able to  the  e>ar  and  constitute  what  we  call  melody.  Again, 
we  are  able  to  appreciate,  not  only  the  intensity  of  sounds, 
both  noisy  and  miLsic^il,  but  we  recognize  different  qualities, 
particularly  in  musical  tones.  Still  farther,  we  find  that 
tones  may  be  resolved  into  certain  invariable  component 
parts,  such  as  the  octave,  the  third,  fifth,  etc.  These  com- 
jjonents  of  what  are  usually  called  simple  tones  may  be  iso- 
lated, in  carefully-conducted  experhnents,  but  there  is  always 
a  tone  henrd  which  predominates  over  others,  the  pitch  and 
quality  of  which  are  readily  appreciated  by  a  practised  musi- 
cal ear. 

The  quality  of  tones  may  be  raotlified  by  the  simulta- 
neous production  of  other  tones  which  corresix>nd  to  certain 
of  the  comi>onent8  of  the  predominating  note.  For  example, 
if  we  add  to  a  single  tone,  the  third,  fifth,  and  octave,  we 
produce  a  major  chord,  the  sound  of  which  is  very  different 
from  that  of  a  single  note  or  of  a  note  with  its  octave.  K  we 
diminish  the  third  by  &  semitone,  we  have  a  different  quality, 
which  is  ]>eculiar  to  minor  chords.  In  this  way,  we  can 
form  an  immense  variety  of  musical  sounds  upon  a  single 
instrument,  as  the  piano.  And  still  farther,  by  the  har- 
jBonious  combinations  of  different  notes  of  different  instru- 
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mentB  and  different  registers  of  the  human  voice,  bb  in  grand 
choral  and  orchestral  compositions,  ehades  of  effect^  almost 
innumerable,  may  be  produced.  The  modiiieation  of  toned 
in  this  way  conetitutes  harmony ;  and  an  educated  ear,  not 
only  experiences  pleasure  from  these  muaical  oombination%. 
but  can  diatinguish  their  different  component  parts. 

A  ebord  may  convey  to  the  ear  the  sensation  of  complete- 
ness in  itself,  or  it  may  lead  to  a  guccession  of  tones  before  - 
this  sen^  of  completeness  is  attained.    Different  chords  of 
the  same  key  may  be  made  to  follow  each  other,  or  we  may, 
by  transition-tones,  pass  to  the  chords  of  other  keys.    Each , 
key  has  its  fundamental  note,  and  the  tranation  from  one  < 
key  to  another,  in  order  to  be  agreeable  to  the  ear,  must  be 
made  in  certain  well-defined  and  invariable  ways.    These  reg»J 
nlar  transitions  constitute  modulation.    The  ear  becomes  fa-i 
tigned  by  long  successions  of  tones,  always  in  one  key,  and 
modulation  is  essential  to  the  enjojuient  of  elaborate  musical^ 
compositions;  otherwise,  the  tones  would  not  only  become^ 
monotonous,  but  their  correct  appreciation  would  be  im- 
paired, as  the  appreciation  of  colors  becomes  less  distinct] 
after  looking  for  a  long  time  at  an  object  presenting  a  single  < 
vivid  tint. 

The  history  of  music  dates  far  back  into  antiquity,  first 
consisting  of  the  melodious  succession  of  tones,  and  later,  of 
both  melody  and  harmony.     Until  within  a  comparatively  re- 
cent period,  the  only  analysis  of  tones  was  that  of  Pythago*^ 
ras,  who  analyzed  the  sound  produced  by  vibrating  strings.f 
He  divided  a  vibrating  string  into  two  unequal  sections,  onei 
twice  the  length  of  the  other.     Upon  sounding  these  two  di- 
visions simultaneously,  he  found  the  note  of  the  shorter  di- 1 
vision  to  be  the  octave  of  the  longer.    He  tJien  divided  the^ 
string,  so  that  its  parts  had  the  relation  of  two  to  three,  and 
found  the  notes  separated  by  an  interval  of  a  fifth,    "  Thua^  ] 
dividing  his  string  at  different  points,  Pythagoras  found  thel 
8<H3alled  consonant  intervals  in  music  to  correspond  with  cer- 
tain lengths  of  his  string ;  and  he  made  the  ertremely  im- 
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portant  discovery,  that  the  simpler  the  relation  of  the  two 
parts  into  which  the  string  was  divided,  the  more  perfect 
was  the  harmony  of  the  two  sounds/'  *  These  important 
facta  were  developed  more  than  five  hundi^ed  years  befoi*e 
the  Christian  era. 

Laws  of  Sonorous  Vibrations. 

As  we  have  already  remarked,  sound  is  produced  by  vibra- 
tions in  a  ponderable  medium.  The  sounds  ordiiiarily  heard 
are  transmitted  to  the  ear  by  means  of  vibrations  of  the  atmos- 
phere- A  simple  and  very  common  illustration  of  this  fact 
is  afforded  by  the  experiment  of  striking  a  bell  carefully  ar- 
ranged in  vacuo.  Though  the  stroke  and  the  vibration  can 
readijy  be  seen,  there  is  no  sound ;  and,  if  air  be  gradually 
introduced,  the  sound  will  become  appreciable  and  progres- 
sively more  intense  as  the  surronndiug  medium  is  increased 
in  density.  This  interesting  experiment  was  made  by  Hawks- 
bee,  in  1705;'  but,  to  secnre  perfect  success,  it  is  necessary 
to  suspend  tlie  bell  in  the  exhausted  receiver  by  tlii*eads, 
60  that  the  vibrations  cannot  be  conducted  to  the  solid  parts 
of  the  apparatus. 

If  we  produce  a  single  sound,  or  shock,  in  a  free  atmos- 
[lere,  we  may  suppose  that  the  waves  are  ti-ansraitted  equally 
in  every  direction  ;  and  this  is  accomplished  in  the  following 
manner :  An  imaginary  sphere  of  air  receives  an  impulse,  or 
Bh<:)ck,from  the  body  which  produces  the  soimd.  This  shock 
is,  in  its  turn,  communicate  to  another  spherical  stmtum  of 
air ;  this,  to  a  third,  and  so  on.  The  elasticity  of  the  air, 
however,  produces  a  recoil  of  each  imaginaiy  sphere  of  air, 
and  it  is  a  portion  of  the  last  stratum  which  strikes  the  tym- 
panum, tliroxi-ing  it  into  vibration.  If  but  a  single  impulse 
be  pven  to  the  air,  we  may  suppose  that  all  of  the  different 

*  TnrtiALL,  6om$»d^  London,  1807,  p.  2S8, 

*  HAWKsnxE,  An  Erperiinmi  made  fU  a  Meedn^  of  tht  Jh^  Soeict^^  t<mehing 
iht  Dhntnutian  of  Sound  in  Air  rartfy'd, — PhUcmphkal  ^[Vantaeium*^  for  the 
Tew*  1701  and  1705,  London,  ITOe,  toI.  ixjt.,  p.  1904, 
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strata,  after  a  single  oedUation,  return  to  their  ariginal  qiues- 
cent  condition*  The  first  etratnm  receives  the  shocks  and  the 
last  commnnicates  the  shock  to  the  ear.  The  oscillations  of 
sound,  produced  in  this  way,  are  to  and  fro  in  the  direction 
of  the  Une  of  conduction^  and  are  said  to  be  longitudinaL 
In  the  undnlatory  theorj'  of  light,  the  vibrations  are  supposed 
to  be  at  right  angles  to  the  line  of  propagation,  or  transversaL 
A  complete  oscillation  to  and  fro  is  called  a  sound-wave^ 

It  is  evident  that  vibrating  bodies  may  be  made  to  per- 
form and  impart  to  the  atmosphere  oscillations  of  greater  or 
less  amplitude.  The  intensity  of  the  sound  is  in  proportion 
to  the  amplitude  of  the  ^^brations.  If  we  cause  a  tuning- 
fork  to  vibrate,  the  sound  is  at  first  loud,  or  intense ;  but  the 
amplitude  gradually  diminishes,  and  the  sound  dies  away  until 
it  is  lost.  In  a  vibrating  lH>dy  capable  of  producing  a  definite 
number  of  waves  of  sound  in  a  second,  it  is  evident  that  the 
greater  the  amplitude  of  the  wave,  the  greater  is  the  velocity 
of  the  particles  thrown  into  vibration.  It  has  been  asceiv 
tained  by  erperiment,  that  there  is  an  invariable  mathemati- 
cal relation  between  the  intensity  of  sound,  the  velocity  of 
the  conducting  particles,  and  the  amplitude  of  the  waves ;  and 
this  is  expressed  by  the  formula,  that  the  intensity  is  propor- 
tional to  the  square  of  the  amplitude.  It  is  evident,  also, 
that  the  intenfiity  of  sound  is  diminished  by  distance,  as  the 
amplitude  of  the  waves  and  the  velocity  of  the  vibrating  par- 
ticles become  weaker,  the  farther  we  are  removed  from  the 
sonorous  body.  The  sound,  as  the  waves  recede  from  the 
sonorous  body,  becomes  distributed  over  an  increased  area. 
The  propagation  of  sound  has  been  reduced  also  to  the  for- 
mula, that  the  intensity  diminishes  in  proportion  to  the  square 
of  the  distance. 

Sonorous  vibrations  are  subject  to  many  of  the  laws  of 
reflection  wliich  we  have  studied  in  connection  with  light. 
Sound  may  l>e  absorbed  by  soft  and  non-vibrating  surfaeeei^  m 
certain  surfaces  absorb  the  rays  of  light.  It  is  in  this  way 
that  we  esplain  the  deadening  of  eotmd  in  apartments  fur- 
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nished  with  carpets,  curtains,  etc.,  and  their  reflection  from 
smooth,  hard  surfaces*  By  carefully-an-anged  convex  siu'- 
faces,  the  waves  of  sound  may  be  readily  collected  to  a  focus. 
These  laws  of  the  reflection  of  eonoroug  waves  explaui  echoes 
and  the  conduction  of  sound  by  confined  strata  of  air,  as  in 
tubes.  We  thus  explain  the  mechanism  of  speaking-trum- 
pets, the  collection  of  the  waves  by  the  panlion  of  the  ear, 
imd  their  transmission  to  the  tympanum  by  the  external 
auditory  meatus.  To  make  the  parallel  between  sonorous 
and  luminous  transmission  more  complete,  it  has  been  ascer- 
tained that  the  waves  of  sound  may  be  refracted  to  a  focus 
by  being  made  to  pass  through  an  acoustic  lens,  as  a  balloon 
filled  with  carbonic-acid  gas.  The  waves  of  sound  may  also 
be  deflected  around  solid  bodies,  when  they  produce  what 
have  been  called  by  TyndaU,  shadows  of  sound.* 

Any  one  observing  the  sound  produced  by  the  blow  of  an 
axe  can  note  the  important  fact  that  sound  is  transmitted  with 
much  less  rapidity  than  light.  At  a  short  distance,  our  view 
of  the  boily  is  practically  instantaneous ;  but  there  is  a  con- 
siden^ble  interval  between  the  blow  and  the  sound-  This  in- 
terval represents  the  velocity  of  the  sonorous  conduction. 
This  fact  is  also  illustrated  by  the  interval  between  a  flash  of 
lightning  and  the  sound  of  tliunder.  The  velocity  of  sound 
depends  uj>on  the  density  and  elasticity  of  the  conducting 
medium.  Without  discussing  the  formulie  of  Ifewton  and 
their  correction  by  Laplace,  it  is  sufficient  to  state  that  the 
rate  of  conduction  of  sound  by  atmospheric  air  at  the  freez- 
ing-point of  water  is  about  1,090  feet  per  second.  This  rate 
presents  comparatively  slight  variations  for  the  different 
gases^  but  is  veiy  nmch  more  rapid  in  liij^iiids  and  in  solids. 
In  ordinarj'  water,  it  is  4,708  feet  per  second ;  in  iron  or  steel 
wire,  about  ICjOWp  feet,  and  in  most  woods,  in  the  direction 
of  tlie  fiVii-e,  al>out  the  same.' 


KaiM  and  Musical  Saitnds, — There  is  a  well-detlned 

'  TrxDALL,  Sounds  London,  1867,  p.  22.    •  Tykuaix,  op,  ciV.,  p.  26,  d  mq. 
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phjBical,  ad  well  aa  an  sestlietic  distinction  between  noiae  and 
music.  Taking,  as  examples^  single  sounds,  a  sound  becomes 
noise  when  the  air  is  thrown  into  confused  and  irregular  vi- 
brations. A  noise  may  be  composed  of  a  few  musical  sounds, 
when  these  are  not  in  accord  with  each  other,  and  sounds 
called  musical  are  not  always  entirely  free  from  discordant  vi- 
brationsy  as  we  shall  see  in  studying  musical  sounds^  properly 
so  called*  A  noise  possesses  intensityj  varying  with  the  am- 
plitude of  tlie  vibrations,  and  it  may  have  different  qualities^ 
depending  upon  the  form  of  its  vibrations*  We  may  call  a 
noise  dull,  sharp,  ringing,  metallic,  hollow,  etc.,  thus  express- 
ing qualities  that  are  readily  understood.  In  percussion  of 
the  chest,  the  resonance  is  called  vesicular,  tympanitic,  etc., 
distinctions  in  quality  that  are  quite  im|x>rtant»  A  noise 
may  also  be  called  sharp  or  low  in  pitch,  as  the  rapid  or  slow 
vibrations  predominate,  without  answering  the  requirements 
of  musical  sounds.  These  explanations,  with  the  definition 
that  a  noise  is  a  sound  that  is  not  musical,  will  be  better  un- 
derstood after  we  have  described  some  of  the  characters  of 
musical  vilirations. 

A  pure  and  simple  musical  sound  consists  of  vibrations 
following  each  other  at  regular  intervals,  provided  that  the 
^accession  of  waves  be  not  too  slow  or  too  rapid.  \TTien  the 
vibrations  are  too  slow,  we  have  an  appreciable  suocesdon  at 
impulses,  and  the  sound  is  not  musical.  When  they  are  too 
rapid,  we  recognize  that  the  sound  is  excessively  shai*p,  but 
it  is  then  painfully  acute  and  has  no  pitch  that  can  be  acea* 
rately  determined  by  the  auditory  apparatus.  Such  sounds 
may  be  occasionally  employed  in  musical  com|M>sition?,  I>ut. 
in  themselves,  they  are  not  strictly  musical. 

In  musical  sounds,  we  recognize  duration,  intensity,  pitch, 
and  quality.  The  duration  depends  simply  upon  the  length 
of  time  daring  which  the  vibrating  body  is  thrown  into 
action.  The  intensity  depends,  as  we  have  already  stated, 
upon  the  amplitude  of  the  vibrations,  and  has  no  relation 
whatsoever  to  pitch.     Pitch  depends  absolutely  upon  the 
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rapidity  of  the  regular  vibrations;  and  quality,  upon  the 
combinations  of  different  notes  in  liftrmonv,  the  character  of 
the  harmonics  of  fundamental  tones,  and  the  form  of  the  vi- 
brations, 

Piteh  of  Mueical  Sotmds.—hi  discnseing  the  pitch  of 
mumcal  aoimds^  we  shall  leave  out  of  the  question,  for  the 
present,  the  harmonica,  which  exist  in  nearly  all  niusicAl 
tones  and  affect  their  quality,  and  confine  otireelves  to  the 
study  of  simple  vibrations.  Such  tones  ai-e  those  of  great 
orgjm-pipes,  which  are  deficient  in  harmonics  and  in  over 
tonee,  and  are  almost  entirely  pure. 

Pitch  depends  upon  the  numl:>er  of  vibrations,  A  musical 
sound  may  l>e  of  greater  or  less  intensity  ;  it  may  at  firet  be 
quite  loud  and  gradually  die  away  ;  but  the  number  of  vibra- 
tions  in  a  definite  tone  is  invariable,  be  it  weak  or  powerful. 
The  rapidity  of  the  conduction  of  sound  does  not  vary  with 
itfi  intensity  or  pitch,  and,  in  the  harmonious  combination 
of  the  sounds  of  different  inetmments,  Ikj  they  high  or  low 
in  pitch,  intense  or  feeble,  it  is  always  the  same  in  the  same 
conducting  medimn.  Distinct  musical  tones  may  present  an 
immense  variety  of  qualities,  but  all  tones  of  the  same  pitch 
have  absolutely  equal  rates  of  vibration.  Tones  equal  in 
pitch  are  said  to  be  in  nnison.  This  fact,  though  simple,  ha« 
a  most  important  physiological  bearing.  In  the  first  phice, 
an  educated  ear  can,  vrithout  difficulty,  distinguish  slight  dif- 
feirenees  in  pitch,  in  ordinary  musicAl  tones,'  Again,  we  as- 
certain by  experiment  that  this  power  of  appreciation  of 
tones  is  restricted  within  well-defined  limits,  which  vaiy 
dightly  in  different  individuals.  Without  citing  all  of  the 
nmnerous  observations  upon  this  point,  we  may  state  that 
Helinholtz,  whose  authoritj^  is  the  very  highest,  gives,  as  the 

'  Helmboltz  flUtes,  on  the  authority  of  &  H.  WeY^er,  that  *'  experienced  mu- 
ttcUn^  CAB  appreciate  a  difference  in  pilch  corre«ipondiiig  to  a  relation  of  Tibra- 
tiou  of  l/KK)  to  1,001.  TUs  would  equal  about  ^  of  a  aemitone/'  (Helm- 
OOLTZ,  7%hrk ^ymckffiqm  de  ia  mmi^m^  Paria,  ISUS,  p.  IBS.) 
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range  of  sounds  that  can  be  legitimately  employed  in  musie, 
those  of  from  40  to  4,<K)0  vibrations  in  a  second,  embracing 
about  aeven  octaves.  In  an  orchestra,  tJie  double  bass  gives 
the  lowest  note,  which  has  40*25  vibrations  in  a  second,  and 
the  highest  note,  given  by  the  small  flute,  has  4^752  vibra- 
tions. In  grand  organs,  thei-e  is  a  pipe  which  ^ves  a  note  of 
16"5  vibrations,  and  the  deepest  note  of  modern  pianos  haa 
27'5  vibrations ;  but  delicate  shades  of  pitch  in  theee  low ' 
tones  are  not  appreciable  to  most  persons,*  Sounds  abore 
the  limits  just  indicated  are  painfully  sharp,  and  their  pitch 
cannot  be  exactly  appreciated  by  the  ear.  The  physiological 
interest  connected  with  these  facts  is,  that  the  limits  of  the 
appreciation  of  musical  sounds  are  probably  due  to  the  ana- 
tc»niicai  arrangeuieut  of  the  auditory  apparatns,  as  we  have  a 
limit  to  the  acuteness  of  vision,  which  can  be  explained  by 
the  structure  of  the  eye.  This  fact  is  the  basis  of  the  ao- 
oepted  theories  of  the  appreciation  of  musical  sounds* 

TTie  Siren. — As  the  ear  is  capable  of  distinguishing  mu- 
sical sounds  in  ujiison,  if  we  can  constnict  an  apparatus  by 
which  we  are  able,  not  only  to  produce  different  tones>  but 
to  calculate  accurately  the  number  of  vibrations  of  each,  w©  , 
can  make  an  absolute  demonstration  of  tlie  facts  just  stated. 
Such  an  instrument  is  the  siren,  the  tones  of  which  can  be 
compared  by  the  ear  with  those  produced  by  other  inBtra* 
ments.  It  is  not  essential  to  our  purpose  to  describe  mi» 
nutely  the  mechanisra  of  the  siren,  as  all  that  we  desire  is 
to  understand,  in  general  terms,  the  principle  of  its  action. 

The  principle  of  the  siren  depends  upon  the  fact  that 
puffs  of  air,  produced  at  regular  intervals,  will  give  riae  to 
musical  tones,  tbe  pitch  of  which  is  high  in  proportion  tjo  the 
rapidity  of  the  puffs,  each  of  which  forms  a  sound-wave.  In 
the  siren,  we  have  a  fixed  disk  of  metal,  perforated  with  sev- 
eral series  of  orifices,  which  may  be  closed  or  opened  at  will. 
Of  these,  the  outer  series  of  openings  presents  usually  sixteen 

^  Us,LUHOLTt^  ThSorie  jfkyiiotoffifuc  de  h  muH4fUf^  Paiii,  186S,  p.  94. 
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orifices,  tfie  next  series,  twelve,  the  next,  ten,  and  the  inner- 
most series,  eight.  Above  thin  fixed  disk,  is  another  disk, 
with  corresponding  openings,  which  can  be  made  to  rotate  at 
a  known  rate.  When  the  openings  in  the  two  disks  are  in 
exact  apposition,  the  air  passes  freely,  in  a  continuous  current, 
from  a  tul^e  connected  M^th  a  chamber  below  the  lower  disk, 
out  by  a  tube  connected  with  the  upper  disk.  If  the  perfora- 
tions in  the  two  disks  be  oblique,  the  direction  of  the  infe- 
rior openings  being  opposite  to  those  in  the  upper  disk,  a  cur- 
rent of  air  through  the  appamtus  will  cause  the  upper  disk 
to  rotate,  when  the  perforations  ^nll  be  closed  and  opened 
at  re^lar  intervals.  It  is  not  difficult  to  arrange  a  dial 
which  will  register  the  exact  number  of  rotations  of  the 
upper  disk  in  a  given  time.  The  rapidity  of  rotation  depends 
np*>n  the  force  of  the  current  of  air  through  the  apparatus ; 
and  the  tone  is  higher  with  the  more  powerful  currents.  Let 
ns  suppose,  now,  that  we  have  the  siren  perfectly  adjui^ted^ 
with  a  bellows  that  will  force  an  equable  cun^ent  of  air 
through  it,  and  a  dial  which  records  the  exact  nmnber  of 
turns  of  the  rotating  disk.  We  sound  the  note  of  a  tuning- 
.fork  and  blow  air  tlirough  the  siren,  regulating  thu*  current 
until  the  two  notes  are  exactly  in  unison.  When  this  is  ao- 
complished,  we  set  the  registering  portion  of  the  apparatus  in 
action,  and  stop  it  at  the  end  of  precisely  one  minute.  The 
conclusion  of  this  illustrative  experiment  we  quote  from 
.TjTidall :  '*  I  suddenly  push  h  and  stop  the  clock-work  ;  and 
.  here  recorded  on  the  dials  we  have  the  exact  nimiber  of  i^evo- 
lutions  performed  by  the  disc.  This  number  is  1,440.  But 
the  series  of  holes  open  during  the  experiment  numbers  16; 
for  every  revolution,  therefore,  we  had  10  puffs  of  air,  or  !♦] 
waves  of  sound.  Multipljnng  1,440  by  16,  we  obtain  23,040 
as  the  number  of  vibrations  executed  by  tljo  timing-fork  in  a 
minute.  Dividing  this  number  by  60,  we  find  the  munl>er 
of  vibrations  executed  in  a  second  to  be  3fe>4. 

"  Having  determined  the  rapidity  of  vibration,  the  length 
af  the  corresponding  sonorous  wave  is  found  with  the  ut- 
U2 
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most  facility.  Imagine  this  timiiig-fork  vibrating  in  the  free 
air.  At  the  end  of  a  second  from  the  time  it  commenced  its 
vibrations,  the  foremost  wave  would  have  reached  a  distance 
of  1,090  feet  in  air  of  the  freezing  temperature.  In  the  air  of 
this  room,  which  has  a  temperature  of  about  15**  C,  it  wotdd 
reach  a  distance  of  1,120  in  a  second.  In  this  distance,  there- 
fore, are  embraced  384  sonorous  waves.  Dividing,  therefore, 
1,120  by  384,  we  find  the  length  of  each  wave  to  be  nearly 
3  feet."* 

By  the  siren,  the  principle  of  which  is  simple  and  suffi- 
ciently easy  of  comprehension,  we  can  measure,  with  mathe- 
matical accuracy,  the  number  of  vibrations  executed  by  any 
body  emitting  a  simple  musical  tone,  and  we  thereby  arrive 
at  an  absolute  demonstration  of  the  fact,  that  a  tone  in  music 
is  composed  of  equable  waves  of  sound,  and  that,  the  higher 
the  tone,  the  more  rapid  are  the  sonorous  vibrations. 

Musical  Scale. — ^We  have  thus  far  considered  simple  mu- 
sical tones,  without  any  reference  to  the  relations  of  different 
tones  to  each  other.  A  knowledge  of  these  relations  lies  at 
the  foundation  of  the  science  of  music ;  and,  without  a  dear 
idea  of  certain  of  the  fundamental  laws  of  music,  we  cannot 
thoroughly  comprehend  the  mechanism  of  audition. 

It  requires  very  little  cultivation  of  the  ear  to  enable  us 
to  comprehend  the  fact,  that  the  successions  and  combinations 
of  tones  must  obey  certain  fixed  laws ;  and,  long  before  these 
laws  were  the  subject  of  mathematical  demonstration,  the  re- 
lations of  the  different  notes  of  the  scale  were  established, 
merely  because  certain  successions  and  combinations  were 
agreeable  to  the  ear,  while  others  were  discordant  and  ap- 
parently unnatural.  Now  that  we  are  pretty  thoroughly  ac- 
quainted with  the  laws  of  vibrations,  we  can  study  the  scale 
from  a  scientific,  as  well  as  an  aesthetic  point  of  view. 

The  most  convenient  tones  for  our  study  are  those  pro- 
duced by  vibrating  strings,  and  the  phenomena  here  oh- 
*  Ttsdall,  Sounds  London,  1867,  p.  68. 
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served  are  essentially  the  same  for  all  musical  sounds ;  for  it 
is  by  means  of  vibrations  communicated  to  the  air  that  the 
waves  of  sound  find  their  way  to  the  auditory  apparatus. 
Let  lis  take,  to  begm  with,  a  string  vibrating  24  times  in  a 
eeeond.  If  this  string  be  divided  into  two  equal  partSj  each 
part  will  \ibrate  48  times  in  a  second.  The  note  thus  pro- 
duced is  the  octave,  or  the  8th  of  the  primary  note,  called  the 
Stli,  because  the  natural  scide,  as  we  shall  see,  contains  eight 
notes,  of  which  the  first  is  the  lowest  and  the  last,  the  liigh- 
est.  We  may  divide  the  half  again,  producing  a  second 
octave,  and  so  on,  within  the  limits  of  our  appreciation  of 
musical  tones.  If  we  divide  the  string  so  that  f  of  its  length 
will  vibrate,  we  have  36  vibrations  in  a  second,  and  this  note 
is  the  5th  in  the  scale.  If  we  divide  the  string  again,  so  as 
to  leave  f  of  its  length,  we  have  30  vibrations,  which  gives 
the  3d  note  in  the  scale.  These  are  the  most  natural  subdi- 
visions of  the  tone ;  and  the  1st,  3d,  5th,  and  8th,  when 
sounded  togetlier,  make  what  is  known  as  the  common  major 
chord.  Thrce-fuurths  of  the  length  of  the  original  string 
makes  32  vibrations,  and  gives  the  4th  note  in  the  scale.  If 
wc  take  f  of  the  string,  we  have  27  vibrations,  and  the  note 
is  the  2d  in  the  senile.  With  |  of  the  string,  we  have  40  vi-- 
brations  in  a  second,  or  the  6tli  note  in  the  scale.  "With  -j^ 
of  the  string,  we  have  45  vibrations  in  a  second,  or  the  7th 
note  in  the  scale. 

It  will  be  observed  that  we  have  started  with  a  note, 
which  we  call  C.  Tliis  1%  the  key*note,  or  the  tonic.  In  this 
scale,  which  is  called  the  natorul,  or  diatonic  key,  we  have  a 
regular  mathematical  progression  from  the  1st  to  the  8tb. 
This  is  called  the  major  key  of  C,  Melody  consists  in  an 
agree^able  succession  of  tones,  which  we  may  assume,  for  sake 
of  simplicity,  to  be  pure.  We  cannot,  in  a  simple  melody, 
sound  any  note  but  one  of  those  in  the  scale.  When  a  differ- 
ent note  is  soimdcd,  we  pass  into  a  key  which  has  a  dillerent 
fundamental  note,  or  tonic,  with  a  different  succession  of 
3d6|  5th8,  etc.    Every  key,  therefore,  has  its  Ist,  3d,  5th, 
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and  8th,  as  well  as  the  intermediate  notes.  K  we  diminifih 
the  3d  by  half  a  tone,  which  is  formed  by  a  string  f  the 
length  of  the  tonic,  instead  of  ^,  we  have  the  key  converted 
into  the  minor.  The  minor  chord,  consisting  of  the  Ist,  the 
diminished  3d,  the  5th,  and  the  8th,  is  perfectly  harmonious, 
but  has  a  quality  quite  different  from  that  of  the  major 
chord.  The  notes  of  a  melody  may  progress  in  the  minor 
key  as  well  as  in  the  major.  Taking  the  small  numbers  of 
vibrations  merely  for  convenience,  the  following  is  the  mode 
of  progression  in  the  natural  scale  of  C  major : 

l8t      2(L     Sd.     4th,     6th.     6th.     7th.    8th. 

Ifote,  .  .  .  CDEFGABC 
Lengths  of  the  string,  l||.ff|^^ 
Number  of  vibrations,      24    27    30     32    36    40    45    48 

The  inten^als  between  the  notes  of  the  scale,  it  is  seen, 
are  not  equal.  The  smallest,  between  the  3d  and  4th  and  the 
7th  and  8th,  are  called  semitones.  The  other  intervals  are 
either  full  perfect  tones  or  small  perfect  tones.*  Although 
there  are  semitones,  not  belonging  to  the  key  of  C,  between 
C  and  D,  D  and  E,  F  and  G,  G  and  A,  and  A  and  B,  these 
intervals  are  not  all  composed  of  exactly  the  same  number  of 
vibrations ;  so  that,  taking  the  notes  on  a  piano,  if  we  have 
D  as  the  tonic,  its  5th  would  be  A.  "We  assume  that  D  has 
27  vibrations,  and  A,  40,  gi^'ing  a  difference  of  13.  "With  C 
as  the  tonic  and  G  as  the  5th,  we  have  a  difference  of  12.  It 
is  on  account  of  these  differences  in  the  intervals,  that  each 
key  in  music  has  a  peculiar  and  an  individual  character. 

In  tuning  a  piano,  which  is  the  single  instrument  most 
commonly  used  for  accompaniment  and  the  general  interpre- 
tation of  musical  compositions,  the  ordinary  method  is  by 

1  Although  a  tone  and  a  semitone  do  not  hare  an  absolntelj-fixed  valne,  they 
are  ufiuallj  defined  as  aboTC ;  but  a  maximum  tone  is  the  interral  between  the 
4th  and  6th,  c<iua1,  in  the  scale  we  have  given,  to  four  vibrations.  A  minimum 
tone  is  the  interval  Ijetween  the  3d  and  4th,  or  the  7th  and  8th,  equal  to  two  or 
three  vibrations.  (Lauokl,  La  voix,  torcille  el  la  mutique^  Paris,  1867,  p.  121, 
note.) 
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the  5thR,  We  bring  the  5th  of  C  in  exact  ac<]ord  with  the 
tonic ;  then  the  5th  of  D  ;  then  the  5th  of  E,  and  finally  the 
5th  of  R  The  5th  of  F  shonld  be  the  octave  of  C,  but,  by 
progreshtng  in  this  way,  the  last  note,  C,  is  too  sharp,  and  is 
not  the  octave  of  the  lower  C.  If  this  progi-ession  were  con- 
tinued lugher  and  higher,  the  octaves  would  become  more 
and  more  out  of  tnne ;  and,  to  avoid  this,  the  octaves  are 
made  perfect  and  the  5t]is  and  3ds  are  timed  down,  eo  that 
the  ineqiiah'ty  is  distributed  tliroughout  the  scale.  This  is 
called  tempering  the  scale,  and,  with  this  *'' temperament,''  the 
notes  are  not  exactly  true  ;  stilly  musicians  are  accustomed  to 
this,  and  fail  to  I'ecognize  the  mathematical  defect.' 

Even  in  melody,  and  still  more  in  harmony,  in  long  oom- 
positiong,  the  car  becomes  fatigued  by  a  single  key,  and  it  is 
necessary,  in  order  to  produce  the  most  pleasing  efiects^  to 
change  the  tonic,  by  what  is  called  modulation,  returning  af- 
terward to  the  original  key. 


Qualftf/  of  Miimcal  Sounds, — ^By  appropriate  means,  we 
era  analyze  or  decompose  white  light  into  prismatic  colors ; 
tfttd,  in  the  same  way,  nearly  all  mnsical  tones,  which  seem  at 
first  to  be  simple,  can  be  resolved  into  certain  well-detineil 
constituents.  There  are  few  absolutely  simple  sounds  used 
in  music.  We  may  take  an  example,  however,  in  the  tx)ne8 
of  great  stopped-pipea  in  the  organ.  These  are  simple,  but 
are  of  an  nnjiatisfactory  quality,  and  wanting  in  richness. 
Ahmost  all  other  tones,  however,  have  a  fimdamental  note, 
which  we  r©cogm*ze  at  once  ;  but  this  note  is  accompanied  by 
harmonics  caused  by  secondary  vibrations  of  subdivisions  of 
the  sonorous  body. 

The  number,  pitch,  and  intensity  of  these  harmonic,  or 
partial  vibrations  affect  what  is  called  the  quality,  or  timbre 
of  musical  tones,  by  modifying  the  form  of  the  sonorous 

*  Helroboltx,  in  the  great  work  we  have  so  ofWn  quoted,  dkcusaes  tlie  fkulta 
atui  itiaccnr^urk^  of  Ibe  temperament  very  fully.  {JTh^orU  ph^^Udo^^^t*  tU  la 
mmique,  Paris,  186S,  p.  411,  e/  9eq.) 
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waves.  This  fact,  wliich  we  shall  difiCUBS  more  elaborately 
farther  on,  requires  little  argument  for  its  support.  If  we 
suppose  a  string  ^-ibrating  a  certain  number  of  times  in  % 
second,  the  vibrations  being  perfectly  simple^  we  should  have, 
according  to  the  laws  of  vibrating  bodies,  a  simple  musical 
tone ;  but,  if  we  suppose  that  the  string  gubdivided  into  dif- 
ferent segments,  one  of  which  gives  the  3d,  another,  the  5th, 
and  so  on,  of  the  fundamental  note,  it  is  evident  that  the 
form  of  the  vibrations  must  be  considerably  modiiiedL  This 
is  the  fact ;  and,  with  these  modifications  in  form,  the  quality, 
or  timbre,  of  the  tone  is  changed.  We  can  illustrate  this 
roughly  on  the  piano.  K  we  strike  the  note  0,  we  have 
a  certain  quality  of  sound.  We  may  assume,  for  sake  of  ar- 
gimient,  that  this  is  a  simple  tone,  though  in  reality  it  is 
complex.  We  now  strike  simultaneously  the  fundamental 
note,  its  3d,  5th,  and  8th,  making  the  common  chord  of  C 
major.  The  predominant  tone  is  still  C,  but  the  addition  of 
the  harmonious  notes  modifies  its  quality.  If  we  diminish 
the  third  by  half  a  tone,  we  still  have  C  for  the  predominant 
tone,  but  the  quality  of  the  chord  is  changed  to  the  minor. 
In  this  rough  illustration,  the  ear  can  readily  detect  tlie  bar* 
monious  tones ;  but,  in  the  tone  of  a  single  string,  this  cannot 
be  done  without  practice  and  close  attention.  Still,  in  the 
tones  of  single  strings,  the  ear  can  distinguish  the  harmonies ; 
and,  what  is  more  satisfactory,  the  existence  of  harmonics 
can  be  actually  demonstrated  in  various  ways. 

From  what  we  have  just  stated,  it  follows  that  nearly  all 
musical  tones  consist,  not  only  of  a  fundamental  sound,  but 
of  harmonic  vibrations,  subordinate  to  the  fmidamental  and 
qualifyittg  it  in  a  particular  way.  These  harmonies  may  be 
feeble  or  intense ;  certain  of  them  may  pi-edominate  over 
others ;  some,  that  are  usually  present,  may  be  eliminated ; 
and,  in  short,  they  may  present  great  diversity  of  arrange- 
ment, and  thus  the  timbre  may  present  an  infinite  variety. 
This  is  one  of  the  elements  entering  into  the  composition  of 
tones^  and  affords  a  partial  explanation  of  quality. 
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Another  element  ia  the  quality  of  tones  depends  upon 
their  reenforcement  by  resonance.  The  vibrations  of  a 
Etretched  string,  not  connected  with  a  resonant  body,  are  al- 
most inaudible,'  In  musical  instruments,  we  have  the  tone 
taken  up  by  &ome  mechanical  arrangement,  as  the  hound- 
board  of  the  organ,  piano,  violin,  harp,  guitar,  etc*  In  the 
\aolin,  for  example,  the  sweetness  of  the  tone  de|Kjnda  chiefly 
upon  the  constniction  of  the  resonant  part  of  the  instrmnent, 
and  but  little  upon  the  strings  themselves,  which  are  fre- 
quently changed.  The  same  is  true  of  the  human  voice,  of 
wind-instrumente,  etc.  We  could  not  discuss  these  points 
elaborately,  without  giving  a  full  description  of  the  various 
musical  instruments  in  common  use,  which  would  be  out  of 
place  in  a  work  on  physiology. 

In  addition  to  the  harmonic  tones  of  sonorous  bodies, 
various  discordant  sounds  are  generally  present,  which  modify 

*  The  reonforcement  of  sounds  by  resonatice  is  boautiftilly  illustrated  by  an 
cxperinient  ori^ually  made  by  Wbeatstone,  which  is  very  graphicaUy  described 
by  TyiMJaU,  in  his  lectures  on  sound.    (TrsrPALi.,  Btfurtd,  London,  18ti7,  p.  80.) 

**  We  are  uow  prepared  to  appreciftte  jui  extremely  bciiutiful  experiment,  for 
nhich  we  are  indebted  to  Proll  Wbefttstone^  and  which  1  am  now  able  to  make 
before  yoo.  In  a  rot»m  undcmenih  this,  uud  septus  Ted  from  it  by  two  floors,  Is 
m  piano.  Through  the  two  floors  passes  a  tm  lube  2^  inches  in  diameter,  and 
iloDg  the  axis  of  this  tube  passes  a  rod  of  deal,  the  end  of  which  emerges  from 
ihe  floor  in  front  of  the  leeture-table.  The  rod  is  clasped  by  Indiu-mbber 
liandsiy  which  entirely  close  the  tui  tube.  The  lower  end  of  the  rod  rests  on  the 
i»ound-board  of  the  piano,  its  upper  end  being  ex|>oeed  before  you.  An  artist  U 
at  this  moment  engaged  at  the  instrnment,  but  you  bear  no  sound.  I  place  Ihia 
Tiolin  upon  the  end  of  the  rod ;  the  TioUu  becomes  instanUy  musical,  not  how. 
ever  with  the  vibrations  of  its  own  strings,  but  with  those  of  the  piano.  I  re- 
moTe  the  violin,  the  sound  ceaaea;  I  put  in  its  place  a  guitar,  and  the  music 
reviTes.  For  the  violin  and  guitar  I  sulistitute  this  plain  wooden  tray  ;  it  is  also 
rendered  musical.  Here,  finally,  is  a  harp,  against  the  sound-board  of  which  I 
cause  the  end  of  the  deal  rod  to  press  ;  every  note  of  the  piano  is  reproduced 
bdbro  you.  I  lift  the  harp  so  as  to  break  its  connection  with  the  piuno,  the 
•oond  Tamsfaes  \  but  the  moment  I  cause  the  sound-board  to  press  upon  the  rod, 
the  mosio  is  restored.  The  fiound  of  the  piano  so  far  resemblea  that  of  the  harp 
that  it  is  bard  to  resist  the  impression  that  the  music  you  hear  is  tliat  of  the 
latter  instrument  An  uneducated  person  might  well  believe  that  witchcraJX  is 
concerned  in  the  production  of  this  music." 
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the  timbre,  producing,  nsuall j,  a  certain  ronghness,  sncli  as 
the  grating  of  a  violin-bow,  the  friction  of  the  colomns  of 
air  against  the  angles  in  wind-instruments,  etc  All  of  these 
conditions  have  their  effect  upon  the  quality  of  tones ;  and 
these  discordant  sounds  may  exist  in  infinite  number  and  va- 
riety. These  sounds  are  composed  of  irregular  vibrations, 
and  are  consequently  inharmonious.  Nearly  all  tones  that 
we  speak  of  in  general  terms  as  musical  are  composed  of  mu- 
sical, or  harmonic  partial  tones,  and  the  discordant  elements 
to  which  we  just  alluded. 

Aside  from  the  relations  of  the  various  component  parts 
of  musical  tones,  the  quality  depends  largely  on  the  form  of 
the  vibrations.  To  quote  the  words  of  Hehnholtz,  "the 
more  uniformly  rounded  the  form  of  the  wave,  the  softer 
and  milder  is  the  quality  of  the  tone.  The  more  jerking  and 
angular  the  wave-form,  the  more  piercing  the  quality.  Tun- 
ing-forks, with  their  rounded  forms  of  wave,  have  an  extraor- 
dinarily soft  quality ;  and  the  qualities  of  tone  generated  by 
the  zither  and  violin  resemble  in  harshness  the  angularity  of 
their  wave-forms."  * 

HarmonicSy  or  Overtones, — ^As  we  have  stated  in  the  fore- 
going paragraphs,  nearly  all  tones  are  composite,  but  some 
contain  many  more  partial,  or  secondary  vibrations  than  ott- 
ers. The  tones  of  vibrating  strings  are  peculiarly  rich  in 
harmonics,  and  these  may  be  used  for  illustration,  remember- 
ing that  the  phenomena  here  observed  have  their  analogies  in 
nearly  all  varieties  of  musical  sounds.  If  a  stretched  string  be 
made  to  \'ibrate,  the  secondary  tones,  which  qualify,  as  it 
were,  the  fundamental,  are  called  harmonics,  or,  in  German, 
overtones,  a  term  which  is  now  much  used  by  English 
writers. 

While  it  is  diflScult  at  all  times  to  distinguish  by  the  ear 
the  individual  overtones  of  vibrating  strings,  their  existence 
can  be  demonstrated  by  a  few  simple  experiments.    Let  us 

'  Hklmiioltz,  Popular  Ledum  on  Scientific  SvhjecU^  New  York,  1878,  p.  77. 
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0,  for  exmnple,  tbat  wc  liare  a  string,  the  fundamental 
of  which  is  0.  We  damp  this  string  with  a  feather 
at  one-fourth  of  its  length  and  draw  a  violin-bow  across  the 
smaller  section.  We  then  sound,  not  only  the  fourth  part  of 
tbe  string,  across  which  the  how  is  drawn,  bnt  the  remaining 
three-fonrths ;  but  if  we  have  placed  little  riders  of  paper 
upon  the  longer  segment,  at  di.«itanees  equal  to  one*fourth  of 
the  entire  string,  tliey  will  i-emain  undisturbed,  while  riders 
placed  at  any  other  portion  of  the  string  will  be  thrown  off* 
This  experiment  shows  that  the  three-fourths  of  the  string 
have  Ijeen  divided,  as  we  have  sounded  the  second  octave 
above  the  fundamental  note.  This  may  he  illustrated  by 
connecting  one  end  of  the  string  with  a  tuning-fork.  When 
this  is  done,  and  the  string  is  brought  to  the  proper  degree  of 
tension,  it  will  tii*st  vibrate  as  a  wliole,  then,  when  a  little 
tighter,  will  spontaneously  divide  into  two  equal  parts,  and, 
tmder  increased  tension,  into  three,  four,  and  so  on.  By 
damping  a  string  with  the  light  touch  of  a  feather,  we  sup- 
pmss  the  fundamental  note  and  bring  out  the  overtones, 
which  exist  in  all  vibrating  strings,  but  are  usually  concealed 
by  the  fundamcntah  Tbe  points  which  mark  the  suIkUais- 
ione  of  the  string  into  segments  of  secondary  vibrations  are 
called  nodes.  "Wlien  we  damp  the  string  at  its  centre,  we 
quench  the  ftmdamental  note  and  have  overtones  an  octave 
above ;  damping  it  at  a  distance  of  one-fourth,  we  have  the 
second  octave  above,  and  so  on.  TfVlien  we  damp  it  at  a  dis- 
tance of  one-tif th  from  the  end,  we  have  the  four-tifths  sound- 
ing the  3d  of  the  fundamental,  with  the  second  octave  of  the 
3d,  If  we  damp  it  at  a  distance  of  two-thirdi*,  we  have  the 
5th  of  the  fundamental,  with  the  octave  c»f  the  5tlu 

Every  vibrating  string  possesses,  thus,  a  fundamental  tone 
and  overtones.  We  have,  qualifying  the  f imdamental,  first,  as 
the  most  simple,  a  series  of  octaves ;  next,  a  series  of  5ths  of 
the  fundamental  and  their  octaves ;  and  next,  a  series  of  Sds. 
The^e  are  the  most  powerful  overtones,  and  form  the  common 
chord  of  the  fundamental ;  but  they  are  bo  far  concealed  by 
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the  greater  intensity  of  the  f  iindamentalj  that  they  cannot  be 
easily  distinguished  by  the  unaided  ear,  unless  the  f  undamen* 
tal  be  quenched  in  Bome  such  way  as  we  have  indicated.  In 
the  same  way,  the  harmonic  5ths  and  3ds  overpower  other 
overtones ;  for  we  have  the  string  subdividing  again  and 
again  into  overtones,  which  are  not  harmonious  like  the  notee 
of  the  common  chord  of  the  fundamental. 

The  presence  of  overtones,  resultant  tones,  and  additional 
toneS)  which  latter  will  be  described  hereafter,  can  be  demon- 
strated, without  damping  the  strings,  by  the  resonators,  in- 
vented by  Helmholtz,  It  is  well  known  that,  if  a  glass  tube^ 
dosed  at  one  end,  which  contains  a  column  of  air  of  a  certain 
length,  be  brought  near  a  resounding  body  sounding  a  not© 
identical  with  that  produced  by  the  vibrations  of  the  column 
of  air,  the  air  in  the  tube  will  resound  in  consonance  with  the 
nota  If,  for  example,  we  have  a  tube  sounding  C,  a  tuning- 
fork  of  the  same  tone  sounded  near  the  tube  will  throw 
the  air  in  the  tube  into  action,  and  will  produce  a  powerful 
sound,  while  no  other  note  will  have  this  effect.  The  reso- 
nators of  Helmholtz  are  constructed  on  this  principle.  A 
glass  globe  or  tube  (Fig.  14)  is  constructAid  so  as  to  produce  a 
certain  tone.  This  has  a  larger  opening,  a,  and  a  smaller 
opening,  b,  whicli  latter  is  fitted  in  the  ear  by  warm  sealing- 
wax,  the  other  ear  being  closed-  When  the  proper  note  is 
sounded,  it  is  reenforced  by  the  resonator  and  is  greatly  in- 
creased in  intensity,  while  all  other  notes  are  heard  very 
faintly.  Suppose,  now,  that  we  apply  this  to  the  detection 
of  overtones  I  We  fix  in  the  ear  a  resonator  adjusted  to  G, 
and  sound  the  fundamental,  C.  The  fundamental,  C,  is  im- 
perfectly heard,  but  the  overtone,  G,  is  reenforced,  and  we 
have  a  load  and  distinct  sound  of  the  5th.  By  using  resotiar 
tors  graduated  to  the  musical  scale,  we  can  easily  analyze  a 
tone  and  distinguisli  the  overtones.  In  the  same  way,  if  we 
fix  in  the  ear  a  resonator  tuned  to  a  partictilar  note  and  strike 
a  succession  of  chords  ou  the  piano,  the  general  sound  is  im- 
perfectly heard;  but,  whenever  we  strike  the  note  of  the 
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pesonator,  this  is  clearly  distinguished^  to  tho  practical  ex- 
clusion of  all  others,  and  wg  can  thufi  analyze  complicated 
chords  into  each  of  their  constituent  part^.  Tliis  experiment 
Bhow8  the  eimilanty  between  chords,  resolved  into  their  con- 
stituent parts,  and  single  tones,  i"eR»lved  into  their  hannonics, 


Pio.  14  a. 
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or  overtones.  The  resonat-ors  of  Ilelmholtz,  which  are  open 
at  the  larger  extremity,  are  infinitely  more  delicate  than  those 
in  which  this  is  closed  by  a  membrane.* 

A  very  l)eautifid  and  instractive  point  in  the  present  dis- 
CQSsion  is  the  following :  All  the  overtones  are  produced  by 
ribrations  of  segments  of  the  string  included  between  the 
comparatively  still  points^  called  nodes ;  and,  if  we  cause  a 
string  to  vibrate  by  plucking  or  striking  it  at  one  of  these 
nodal  points,  we  abolish  the  overtones  wliich  vibrate  from 
this  node  at  a  fixed  point.    For  example,  if  we  pluck  the 

^  Helmholtz,  ThhrU  ph^Mogiqu*  de  la  mum^ue^  Paris^  ISC^S^  p*  D7|  d  itq>^ 
and  p,  487. 
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string  at  its  exact  centre,  we  sound  tlie  fundamental,  but  haTe 
a  dull  tone,  which  is  deficient  in  the  overtones  of  the  octaves. 
We  e^n  demonstrate  the  fact  that  these  overtones  are  abeeu^ 
for,  if  we  damp  the  string  at  its  centre,  the  fundamental  it 
quenched,  but  we  have  no  octaves,  which  are  always  beard  on 
damping  the  centre  when  the  string  is  plucked  at  other  poLut^ 
In  tie  same  way,  by  plucking  the  string  at  diflFerent  points^ 
we  can  abolish  the  overtones  of  Sths,  Sds,  etc.  It  is  readily 
understood  that,  when  a  string  is  plucked  at  any  pomt,  it  will 
vibrate  so  vigorously  at  this  point  that  no  node  can  be  f  ormed. 
This  fact  has  long  been  recognized  by  practical  musicians, 
though  many  are  probably  unacquainted  with  its  scientific 
explanation.  Performers  on  stringed  instruments  habitu- 
ally attack  the  strings  near  their  extremities.  In  the  pi- 
ano, where  the  strings  may  be  struck  at  almost  any  poiat| 
the  hammers  are  placed  at  from  -^  to  ^  of  their  extremities; 
and  it  has  been  ascertained  by  experience  that  this  gives  til© 
richest  tones.  The  nodes  formed  at  these  points  would  pro- 
duce the  Tths  and  9ths  as  overtones,  which  do  not  belong  to 
the  x>^rfeet  major  chord,  while  the  nodes  for  the  harmonious 
overtones  are  undisturbed.*  The  reason,  then,  why  the  tones 
are  richer  and  more  perfect,  when  the  strings  are  attacked 
at  this  point,  is  that  the  harmonious  overtones  are  full  and 
perfect,  and  certain  of  the  discordant  overtones  are  suppressed* 
The  facility  with  which  certain  notes  may  be  produced  on 
the  comet  affords  another  illustration  of  the  natural  subdi* 
vision  of  tones.  In  some  parts  of  the  scale,  the  open  notes 
are  the  tonic,  8th,  5th,  and  3d;  that  is,  these  notes  can  be 
produced  by  the  lips  and  the  currents  of  air,  without  altering 
the  length  of  the  column  of  air  in  the  instrument  by  the 
valves^  While  some  other  of  the  notes  in  the  ficale  may  be 
produced  by  the  action  of  the  lips  alone,  they  are  formed  in 
this  way  with  uncertainty  and  difficulty.  We  can  sounds  for 
example,  the  minor  3d,  the  4th,  or  the  6th^  with  the  lips ;  but 
these  tones  are  more  exact  when  we  use  the  valves,  as  L$  al- 

1  Hklmboltz,  ThSorie  phjftioloffiqw  de  la  munqu€^  PariA,  1S68,  p,  109. 
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most  always  done.  But  the  notes  of  the  common  major 
chord,  e^peciiilly  the  8th  and  5th,  are  produced  without  ushig 
the  valves ;  for  the  column  of  air  in  the  mstrnment  has  a  nat- 
ural tendency  to  divide  itself  into  its  hamioiiic  tones. 

It  was  a8C*erti^iined  in  the  niidille  of  the  last  century,  by 
Sorgo  and  by  Tartini,  that  when  two  harmonious  tones  are 
produced  under  favorable  circumstaneesj  we  can  hear,  in  ad- 
dition to  the  two  sounds,  a  sound  differing  from  bothj  and 
much  lower  than  the  lower  of  the  two.  This  sound  is  too 
low  for  an  harmonic,  and  has  been  called  a  resultant  tone. 
The  formation  of  a  new  sound  by  combining  two  sounds  of 
different  pitch  is  analogous  to  the  blending  of  colors  in  optics, 
except  that  the  primary  sounds  are  not  lost.  The  laws  of  the 
production  of  these  resultant  sounds  are  very  simple.  "VNTien 
two  tones  in  harmony  are  soimded,  the  resultant  tone  is  equal 
to  the  difference  between  the  two  primaries.  For  example,  if 
we  sound  G,  with  48  vibrations,  and  its  5th,  with  72  vibra- 
tions in  a  secf^nd,  the  resultant  tone  is  equal  to  tlie  difference, 
which  is  24  vibrations,  and  is  consequently  the  octave  below 
C ;  or,  if  we  sound  C,  with  48  vibrations,  and  its  3d^  with  00, 
we  have  a  resultant  tone  two  octaves  below  C,  the  niunber  of 
Tibrations  being  12,'  These  resultant  tones  are  very  feeble  as 
compared  with  the  primary  tones,  and  can  only  l^e  heard  lui- 
der  the  most  favorable  experimental  conditioos.  In  addition 
to  these  soimds,  Helmholtz  has  discovered  soimds,  even  more 
feeble,  w^hich  he  calk  additional,  or  summation  tones.*  The 
value  of  these  is  equal  to  the  smu  of  vibi'ations  of  the  primary 
tones.  For  example,  C  24  and  its  5th,  3G,  would  give  a  sum- 
mation tone  of  60  vibrations,  or  the  oc'tave  of  the  3d  ;  and  C 
24  with  its  3d,  30,  would  give  54  vibrations,  the  octave  of 
the  2d.  These  tones  can  readily  be  distinguished  by  means 
of  the  resonators  ah-eady  described.' 

*  These  DumberB  are  used  merely  in  illofitratioiu    A  sound  of  12  Tibratioos 
dCM*fl  not  come  within  the  musical  sc^e. 

■  UtLVBonz,  TfUorU  physioioffiqui  d$  la  mtmque^  Pwia,  18ft8,  p.  1©2. 

•  Se«  page  1S4. 
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It  18  thus  seen  that  musiciil  sounds  are  excessively  com- 
plex. With  single  sounds,  we  have  an  infinite  variety  and 
number  of  harmonicsj  or  overtones,  and  in  chords,  which  will 
be  ti-eated  of  more  fully  under  the  head  of  harmony,  we  have 
a  series  of  resultants,  which  are  lower  than  the  primary  tones, 
and  a  series  of  additional,  or  siunmation  tones,  which  are 
higher ;  but  both  the  resultant  and  the  summation  tones  bear 
an  exact  mathematical  relation  to  the  primary  tones  of  the 
chord, 

Hwrmomj. — ^We  have  discussed  the  overtones,  resultant 
tones,  and  summation  tones  of  strings  rather  fully,  for  the 
reason  that,  in  the  physiology  of  audition,  we  shall  see  that 
the  ear  is  capable  of  recognizing  single  sounds,  or  successiona 
of  single  sounds ;  but,  at  the  same  time,  certain  combinations 
of  sounds  are  appreciated,  and  are  even  more  agreeable  than 
those  which  are  apparently  prodoced  by  simple  vibrations. 
Combinations  of  tones  which  thus  produce  an  agreeable  im- 
pression are  called  harmonious.  They  seem  to  become  blended 
with  each  other  into  a  complete  sound  of  peculiar  quality,  all 
of  the  different  vibrations  entering  into  their  composition 
being  simultaneously  appreciated  by  the  ear.  From  what  we 
have  learned  of  overtones,  it  is  evident  that  few  musical  soimda 
are  really  simple,  and  that  those  which  are  simple  are  want- 
ing in  richness,  while  they  are  perfectly  pure.  The  blending 
of  tones  which  bear  to  each  other  a  certain  mathematical  rela- 
tion is  eddied  harmony ;  but  two  or  more  tones,  though  each 
one  be  musical,  are  not  necessarily  harmonious.  The  most 
proncdnent  overtone,  except  the  octave,  is  the  5th,  with  its 
octaves,  and  this  is  called  the  dominant.  The  next  is  the 
3d,  with  its  octaves.  Tlie  other  overtones  are  comparatively 
feeble.  Reasoning,  now,  from  our  knowledge  of  the  relsr 
tions  of  overtones,  we  might  infer  that  the  reenforeement  of 
the  5th  and  3d  by  other  notes  bearing  similar  relations  to  the 
tonic  would  be  agreexible.  This  is  the  fact,  and  it  was  ascer- 
tained empirically  long  before  the  pleasing  impression  pro- 
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duced  by  such  oombinations  was  explained  mathematicsally. 
We  do  not  propose  to  enter  into  a  full  discussion  of  the  laws 
of  harmony,  but  a  knowledge  of  certain  of  these  laws  is  es- 
sential to  the  comprehension  of  the  physiology  of  audition. 
These  are  very  simple,  now  that  we  have  analyzed  the  tone 
of  a  single  vibrating  body. 

It  is  a  law  in  mujsie,  that  the  more  simple  the  ratio  be- 
tween the  number  of  vibrations  in  two  sounds,  the  more  per- 
fect is  the  harmony.  The  simplest  relation,  qf  course,  is 
1  :  Ij  when  the  two  sounds  are  said  to  be  in  unison.  The 
next  in  order  is  1:2.  If  we  sound  C  and  its  Sth,  we  liave, 
for  example,  24  vibrations  of  one  to  48  of  the  other.  These 
sounds  can  produce  no  disconl,  because  the  waves  never  inter- 
fere with  each  other,  and  the  two  sounds  can  be  prolonged 
indefinitely,  always  maintaining  the  same  relations.  The 
combined  impression  is  therefore  continuous.  The  next  in 
order  is  the  Ist  and  5th,  their  relations  being  2  ;  3,  In 
other  words,  with  the  Ist  and  5th,  for  two  waves  of  the 
Ist,  we  have  three  waves  of  the  Sth*  The  two  somids  may 
thus  progress  indefinitely,  for  the  waves  coincide  for  every 
second  wave  of  the  1st  and  every  third  wave  of  the  5th. 
The  next  in  order,  if  we  8<jund  at  the  same  time  the  1st, 
5th,  and  Sth,  is  the  3d.  The  3d  of  0  has  the  Sth  of  C  for 
its  5th,  and  the  5th  of  C  for  its  minor  3d,  The  let,  3d,  5th, 
and  Sth  form  the  common  major  chord ;  and  the  waves  of 
each  tone  blend  with  each  other  at  such  short  intervals  of 
time  that  the  ear  experiences  a  continuous  impression,  and  no 
discord  is  appreciated.  This  explanation  of  the  common  ma- 
jor chord  illustrates  the  law  that,  the  smaller  the  ratio  of  vi- 
bration between  different  tones,  the  more  perfect  is  their  har- 
mony. Sounded  with  the  1st,  the  4th  is  more  harmonious 
than  tlie  3d  ;  but  its  want  of  liannony  with  the  5th  excludes 
it  from  the  common  chord.  The  1st,  4th,  and  Sth  are  har- 
monious, but  to  make  a  complete  chord  we  must  use  the  6th. 
These  discussions  might  be  extended  into  the  progression  of 
(diords  and  modulation ;  but  this  is  not  essential  to  our  pur- 
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po6e,  as  we  wiah  only  to  aecertain  the  laws  of  the  vibrations 
of  sounds  in  harmony  and  the  mechanism  of  discords. 

Discords. — A  knowledge  of  the  mechanism  of  simple  ac- 
oordfi  enables  us  to  understand  more  easily  the  rationale  of 
discords,  and  vice  versa.  As  in  the  case  of  harmony,  the 
fact  that  certain  combinations  of  musical  tones  produce  a 
disiigreeable  impression  was  ascertained  empirically,  with  no 
knowledge  of  the  exact  cause  of  the  palpable  dissonance. 
Thanks  to  the  labors  of  modem  physicists,  however,  the 
mechanism  of  discords  is  now  pretty  well  settled.  We  shally 
in  our  explanation,  begin  with  a  combination  of  tones  slightly 
removed  from  perfect  unison. 

Suppose,  for  example,  tliat  we  have  two  tuning-forks  giv- 
ing precisely  the  same  numbers  of  vibrations  in  a  second ; 
the  tones  are  then  in  perfect  unison.  We  load  one  of  the 
forks  with  a  bit  of  wax,  so  that  its  vibrations  are  slightly  re- 
duced, and  start  them  both  in  vibration  at  the  same  instant. 
Taking  the  illustration  given  by  Tyndall,  we  assume  that  one 
fork  has  25<^,  and  the  other,  255  vibrations  in  a  second* 
While  these  two  forks  are  vibrating,  we  have  one  graduaDy 
gaining  upon  the  other ;  but,  at  tbe  end  of  half  a  second^  one 
win  have  made  128  vibnitions,  while  the  other  will  have 
made  127i,  At  this  point  the  two  waves  are  in  direct  oppo- 
sition to  each  other ;  they  are  moving  in  exactly  opposite  di- 
rections ;  and,  as  a  consequence,  the  sounds  neutralize  each 
other,  and  we  have  an  instant  of  silence.*   The  perfect  sound% 

I  It  is  aLmoBt  eiaetitial  to  tbiii  point  bs  oar  argument  to  tisei«rtAia  if  two 
soQnds  in  unidon,  so  arranged  tlint  the  maximum  of  the  waves  of  one  will  ooia- 
dde  with  the  minimum  of  the  waves  of  the  other,  will,  when  thu»  combbed, 
produce  eilcupe,  TMb  fact  haa  been  iUtwtrated  by  an  example,  which  we  quote 
from  Helmholtjj : 

**  Suppoi^e  tbnt  we  Iuitg  two  organ-pipes,  prociselj  mntihir,  taucd  in  uniacnv 
placed  near  each  other  upon  the  eame  sound-board.  Each  one,  mounded  simply 
by  a  eurrefit  of  air,  giT<*a  an  intoose  tone ;  but  if  the  current  of  air  etiikc  them 
both  8imultiin<>oualr,  the  movement  of  the  air  is  mo<lified  in  such  a  manner,  that 
the  current  enters  one  of  the  pipes  when  it  emerges  from  the  other ;  no  eonod 
striked  the  ear  of  an  observer  at  a  little  distance,  who  then  can  only  hear  tb« 
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88  the  two  forks  continue  to  vibrate,  are  thufl  alternately  re- 
enforced  and  diminisbedj  and  we  have  what  are  known  in 
mneic  as  beats.  As  the  difference  in  the  number  of  vibra- 
tions in  a  second  is  one,  we  have  the  instants  of  silence  occur- 
ring once  in  a  second ;  and,  in  this  illustration,  the  beats 
occur  once  a  second.  Unison  takes  place  when  two  sounds 
can  follow  each  other  indefinitely,  their  waves  blending  per- 
fectly ;  dissonance  is  marked  by  successive  beats,  or  pulses. 
If  we  now  load  forks  so  that  one  will  vibrato  240  times  in  a 
second,  and  the  other  234,  there  will  be  six  times  in  a  second 
when  the  interference  will  be  manifest ;  or,  to  make  it  plain- 
er, in  1^  of  a  second,  one  fork  will  make  40  vibrations,  while 
tlie  other  is  making  39.  "We  shall  then  have  6  beats  in  a  sec- 
ond. From  these  experiments,  the  law  may  be  deduced,  that 
the  number  of  beats  produced  by  two  tones  not  in  harmony 
is  equal  to  the  diflference  between  the  two  rates  of  vibration,' 
An  analogous  interference  of  undulations  is  observed  in 
optics,  when  waves  of  light  are  made  to  interfere  and  pro- 
duce darkness. 

It  is  evident  that  the  number  of  beats  will  increase  as  we 
sound  two  discordant  tones  higher  and  higher  in  the  scale. 
According  to  Helmholtz,  the  beats  can  be  recognized  up  to 
132  in  a  second.  Beyond  that  point,  they  become  confused, 
and  we  have  only  a  sensation  of  dissonance,  or  roughness,' 
We  can  illustrate  this  point  very  satisfactorily  by  a  simple 
eflcperiraent  upon  the  piano.  Let  us  take  two  tones,  the  high- 
est on  the  scale,  separated  from  each  other  by  a  semitone. 
Wlien  we  strike  these  two  notes  together,  we  have  a  disa- 
greeable sensation  of  dissonance,  but  no  appreciable  licats, 
because,  the  rate  of  vibration  of  each  note  being  high,  the 
difference  is  great  and  the  beats  are  too  rapid  to  be  appre- 
ciated as  such.    We  strike,  now,  the  two  notes  an  octave  be- 


ruBbiog  of  the  air.*'    (HiLsraoLTZ,  Thiaris  phytialo^ique  de  ki  twmqu€,/BwBt 
1896,  p.  20L) 

*  TrroAtL,  SautvJ,  London.  lS6t,  p.  S6i. 

*  0lLirtiOLtX,  op.  <iL,  p.  217. 
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low ;  still  we  have  dissonance,  less  disagreeable^  but  no  beats. 
Passing  down,  an  octave  at  a  tiine,  as  the  numl)ere  of  vibra- 
tions become  smaller,  the  difference  between  them  is  less,  and 
there  are  fewer  beats  in  a  second,  until  they  are  readDy  ap- 
preciated as  beats  and  can  even  be  counted* 

Beats,  then,  are  due  to  interference  of  sound-waves,  and 
the  number  in  a  second  is  equal  to  the  difference  in  the  rate 
of  vibrations.  When  these  are  too  rapid  to  be  appreciated  as 
beats,  we  have  simply  a  sensation  of  discord.  There  is  no  in- 
terference of  the  waves  of  tones  in  unison,  provided  the 
waves  start  at  the  same  instant ;  the  intensity  of  the  sound 
being  increased  by  I'eenf orcement.  The  differences  between 
the  let  and  8th,  the  1st  and  5th,  the  1st  and  Sd,  and  other 
harmonious  combinations,  is  so  great  that  we  have  no  beats 
and  no  discord,  the  more  rapid  waves  reenforcing  the  har- 
mpnics  of  the  primary  sound*  It  is  important  to  remember, 
in  this  connection,  that  resultant  tones  are  equal  to  the  differ- 
ence in  the  rates  of  vibration  of  two  hannonious  tones.  If 
we  take  a  note  of  240  vibrations,  and  its  5th,  with  360  vibra- 
tions, these  two  have  a  difference  of  120,  which  is  the  lower 
octave  of  the  Ist  and  is  an  harmonious  tone. 

It  is  evident  that  the  laws  which  we  have  thus  stated  are 
equally  applicable  to  overtones,  resultant  tones,  and  addi- 
tional tones,  which  have  their  beats  and  dissonances,  a^  well 
as  the  primary  tones. 


Temss  by  Influefioe  (Conson/znee). — ^The  term  consonazice 
is  generally  applied  to  the  harmonious  combinations  of  two 
or  more  sounds,  and  is  synonymous  with  accord,  as  it  is  used 
in  music*  In  this  sense,  it  is  opposed  to  dissonance^  or  dis- 
cord. By  some  writers,  however,  consonance  is  used  to  de- 
note sounds  produced  in  sonorous  bodies  by  the  influence 
of  souruls  in  unison.  If,  for  example,  we  have  a  bell  tuned 
to  a  certain  note,  and  bring  near  its  opening  a  tuning-fork 
vibrating  in  unison  with  this  note,  the  bell  wiU  sound  vigor-  j 
ouely  in  unison,  though  it  is  influenced  only  by  the  vibra- 
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tions  in  the  air  produced  l>y  the  primary  tone.  We  have 
already  spoken  of  tliis  tinder  the  head  of  resonance ; '  and 
Bounds  produced  in  this  way  are  properly  called  tones  by  in- 
fluence. 

It  is  e^adent  that  the  mechanism  of  the  production  of 
tonce  by  influence  cannot  be  neglected  in  studying  the  physi- 
ology of  audition.  We  have,  as  an  important  part  of  the  au- 
ditory apparatus,  the  membrane  of  the  tympanum,  capable  of 
Tarious  degrees  of  tension,  which  is  thrown  into  vibration  in 
obedience  to  waves  of  sound  conducted  by  the  atmosphere ; 
and  it  will  be  an  important  point  to  determine  how  far  the 
vibrations  of  this  membrane  are  affected  by  the  laws  of  the 
production  of  tones  by  influenoe. 

After  what  we  have  learned  of  the  laws  of  musical  vibxa- 
tionS|  it  wUl  be  easy  to  comprehend  tlie  production  of  toned 
by  influence.  We  shall  take  first  the  most  simple  example, 
applied  to  strings.  K  we  gently  touch  the  note  C  upon  the 
piano,  so  as  to  raise  the  damper  but  not  sound  the  string,  and 
then  sing  a  note  in  unison,  the  string  will  return  the  sound, 
by  the  influence  of  the  sound-waves.  The  sound  thus  pro- 
duced by  the  string  will  have  its  fundamental  tone  and  over- 
tones ;  but  the  series  of  overtones  will  be  complete ;  for  none 
of  the  nodes  are  abolished,  as  in  striking  or  plucking  the 
string  at  any  particular  point.  If,  instead  of  the  note  in 
unison,  we  sing  any  of  the  octaves,  the  string  will  return  the 
note  sung ;  and  the  same  is  true  of  the  3d,  5th,  etc.  If  we 
now  strike  a  chord  in  harmony  with  the  undamped  string, 
this  chord  will  be  exactly  returned  by  influence.  In  other 
words,  a  string  may  be  made  to  sound  by  influence,  its  funda- 
mental note,  its  harmonics,  and  harmonious  combinations. 
To  carry  the  observ^ation  still  farther,  the  string  will  return, 
not  only  a  note  of  its  exact  pitch  and  its  harmonics,  but 
notes  of  the  quality  of  the  primary  tone.  This  is  a  very  im- 
portant point  in  its  applications  to  the  physiology  of  hearing, 
and  can  be  readily  illustrated.    Taking  identical  tones  in  suo- 

>  See  pt^  1S4 
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ceggioDj  produced  by  the  Toice,  trumpet,  Tiolin,  clarinet,  or 
otlier  musical  instruments,  it  can  be  easily  noted  that  the 
quality  of  the  tone,  as  well  as  the  pitchy  is  rendered  by  a  re- 
Bounding  etring;  and  the  same  is  true  of  oombinationB  of 
tones. 

The  above  laws  of  tones  by  influence  have  been  illustrated 
by  strings  merely  for  the  sake  of  simplicity  ;  but  they  have 
a  more  or  less  perfect  application  to  all  bodies  capable  of  pro- 
ducing musical  tones,  except  that  some  are  thrown  into  vibra- 
tion with  more  difficulty  than  others.  An  interesting  appli*J 
cation  of  these  laws,  however,  particularly  with  reference  to ' 
the  physiology  of  the  ear,  is  in  the  case  of  stretched  mem- 
branes; for  this  brings  to  our  mind  the  possible  action  of  the 
membrana  tympani. 

If  we  have  a  thin  membrane,  like  a  piece  of  bladder  or 
thin  rubber,  stretched  over  a  circnlar  orifice,  such  as  the 
mouth  of  a  wide  bottle,  this  can  be  timed  to  a  certain  note. 
"VVlien  arranged  in  this  way,  the  menibmne  can  be  made  to 
Bound  its  fundamental  note  by  influence.  In  addition,  the 
membrane,  like  a  strijig,  ^vill  divide  itself  so  as  to  sound  the  ^ 
harmonics  of  the  fundamental,  and  will  likewise  be  thrown 
into  vibration  by  the  5th,  3d,  etc.,  of  its  fundamental  tone||| 
thus  obeying  the  laws  of  vibrations  of  strings,  though  the 
haiTuonic  soimds  are  produced  with  greater  difficulty. 

At  about  the  begiiming  of  this  century,  Chladni  demon- 
strated the  spontaneous  division  of  vibrating  platens  and  mem- 
branes by  a  veiy  simple  experiment.*  He  covered  the  surface 
with  a  delicate,  uniform  layer  of  fiue  sand.  Arranged  in  thia 
way,  it  is  evident  that  the  sand  would  be  tlirown  oil  from 
the  vibrating  portions  and  collected  upon  those  portions  which 
remained  compamtively  quiescent,  provided  that  the  surface 
became  divided  into  different  areas  of  vibration.  This  was  ' 
Bdcertained  to  be  the  fact.  When  the  f imdamental  tone  waa ' 
sounded,  the  entire  plate  was  thrown  into  vibration,  and  the 
sand  was  collected  in  a  circular  line  near  its  periphery ;  and, 

'  CnLAPirf,  Di€  Akuttik,  Leipzig,  1802,  S,  XTi»  78,  d  mq,^  uid  S.  1X8,  «l  #f^. 
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witli  each  liarmomc,  a  smaller  circle  was  produced.  These 
marked  the  nodal  lines,  whiuh  correspond  to  the  harmonic 
nodes  of  vibrating  gtrings.  Cldadni  applied  these  observa- 
tions to  the  vibrations  of  round  and  square  plates  of  glass 
fixed  at  the  centre,  damped  hy  the  finger  at  various  points, 
and  thrown  into  vibration  by  a  violin-bow.  In  1824,  Savart 
repeated  many  of  the  experiments  of  Chladni,  and  extended 
them  to  the  membrana  tympam  of  the  human  subject,  in 
which  he  observed  analogous  phenomena,  though  they  were 
less  distinct,  on  account  of  the  small  extent  of  the  vibrating 
surface.*  Of  course,  the  \'ibrations  of  the  membrana  tym- 
pani  must  take  place  in  accordance  with  physical  laws ;  but 
how  far  these  laws  are  applicable  to  the  physiology  of  audi- 
tion, is  a  question  which  we  shall  discuss  fully  in  connection 
with  the  functions  of  difterent  portions  of  the  auditoiy  ap- 
paratus. 

We  have  thus  discussed  various  points  in  the  physics  of 
sound,  some  of  them  with  an  elaborateness  which  might  seem 
out  of  place  in  a  work  on  physiology.  .  It  must  be  remem- 
bered, however,  that  the  laws  of  acoustics  are  nearly  all  defi- 
nitely settled ;  that  we  have  an  absolutely-certain  mathemat- 
ical demonstration  of  the  laws  of  musical  vibrations ;  and 
that  the  ear  recognizes  these  laws,  and  recognized  them  long 
before  they  were  ascertained  by  physical  experimentation,  for 
certain  sounds  and  combinations  of  sound  simply  give  pleas- 
ure, while  others  are  disagreeable  and  discordant.  It  is  suffi- 
ciently evident  that,  if  musical  combinations  be  subjected  to 
certain  inevitable  laws,  these  laws  form  the  only  true  basis  of 
the  study  of  the  mechanism  of  audition.  It  will  be  found, 
indeed,  that  no  point  has  been  discussed  in  this  chapter,  that 
h  not  essential  to  a  clear  comprehension  of  the  physiology  of 
hearing. 

ggttrm,^j0iimal  dtfi^fMegU,  Pwis,  1824,  tame  iv.,  p.  183,  rt  i#y. 
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tJaca  of  the  external  ear — Stractnre  of  the  membr&na  tjmpatii — Vies  of  th* 
membraDa  tjTupuui — YariatjoaB  in  teosioQ — TTibraticnifl  of  tbc  membimiie 
bj  infiueucG — DeBtruetion  of  the  membnnft  tyiapuii — Apprecktian  of  tlie 
pitch  of  tonea — Mechanism  of  the  ossicles  of  the  ear — Articulationa  and  at- 
tachmenta  of  the  oaiiclea — ^Ph  jBiologlcal  anatomy  of  the  Internal  e«r — Gen- 
eral arrangemeDt  of  the  mcmbranouB  labjriDth^ — Tedttbute — S^Didnmlaf 
canals-^Cochlea — Liquids  of  the  labjrinth — Diatribation  of  nerves  in  the 
cochlea — Organ  of  Corti — Fnnctioiu  of  diiferent  parts  of  the  internal  ear — 
Functions  of  the  semicircular  canab — ^FunetionB  of  the  parts  contained  in 
the  cochlea— -Summary  of  the  mechanism  of  audition. 

The  uses  of  the  pavilion  of  the  ear  and  of  the  external 
auditory  meatus  are  sufficiently  apparent.  The  pavilion 
serves  to  collect  the  waves  of  sound,  and  probably  inclines 
them  toward  the  external  meatus  as  they  come  from  varioua 
directions.  Though  this  action  is  einiple,  it  undoubtedly  has 
a  certain  degree  of  importance^  and  the  various  curves  of 
the  concavity  of  the  pavilion  tend  more  or  less  to  concen- 
trate the  sonorous  vibrations.  Such  has  long  been  the  opin- 
ion of  physiologists^  and  this  seems  to  be  carried  out  by  ex- 
periments in  which  the  concavities  of  the  external  ear  have 
been  obliterated  l)y  wax.*  There  is,  prol)ftblyj  no  resonanee 
or  vibration  of  much  importance  until  the  waves  of  sound 
strike  the  membrana  tympani.  The  same  remarks  may  be 
made  with  i*egard  to  the  external  auditory  meatus.  We  do 
not  know  precisely  how  the  obliquity  and  the  curves  of  this 
canal  affect  the  waves  of  sound,  but  we  may  suppose  that  the 
deviation  from  a  straight  course  protects,  to  a  certain  degree, 

^  LoNOiT^  TraiU  dephyHolo^e,  Paris,  1869^  tome  ili.,  p.  14. 
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the  tympanic  membrane  from  impressionB  that  might  other- 
wise be  too  Tiolent. 

Structure  of  the  Membrana  TympanL — The  general  ar- 
rangement of  the  membrana  tjrapani  has  already  been  de- 
ficribed  in  connection  with  the  topographical  anatomy  of  the 
auditory  apparatus*'  This  structure,  which  is  of  great  impor- 
tance in  the  physiology  of  hearing,  is  delicate,  elastic^  about 
the  thickness  of  ordinary  gold-beater's  skin,  and  is  subject  to 
various  degrees  of  tension,  from  the  action  of  the  muscles  of 
the  middle  ear  and  different  conditions  of  atmospheric  press- 
ure within  and  without  the  cavity  of  the  tympanum.  Ita 
form  is  nearly  circular.  From  a  number  of  accurate  meas- 
urements of  its  diameter  in  the  adult,  by  Sappey,  we  may  as- 
some  that  its  ring  measures  a  little  more  than  {  of  an  inch 
vertically  and  about  f  of  an  inch  antero-posteriorly.  The  ex- 
cess of  the  vertical  over  the  horizontal  diameter  is  about  ^ 
of  an  inch/  Notwithstanding  the  assertion  of  some  of  the 
older  anatomists,  that  the  tympanic  membrane  presents  one 
or  two  small  perforations,  it  is  now  almost  universally  re- 
garded as  forming  a  complete  division,  without  openings,  be- 
tween the  external  meatus  and  the  middle  ear ;  or,  if  any 
openings  exist,  tliey  are  exceedingly  minute. 

The  periphery-  of  the  tjnipanic  membrane  is  received  into 
a  little  ring  of  bone,  which  may  be  separated  by  maceration 
in  early  life,  but  which  is  consolidated  with  the  adjacent 
bony  structures  in  the  adult.  This  bony  ring  is  incomplete 
at  its  superior  portion,  but,  aside  from  this,  resembles  the 
groove  which  receives  the  crystal  of  a  watch.  At  the  periph- 
ery of  the  membrane,  is  a  ring  of  condensed  fibrous  tissue, 
which  is  received  into  the  bony  ring.  This  ring  abo  pre- 
sents a  break  at  its  superior  portion. 

The  concavity  of  the  membrana  tympani  presents  out- 

>  See  p.  165. 

'Saitkt,  Traits <ran<tfomif,  Tatis^  IStl,  p.  SOI.    The  above  meaaii?etiieflls 
are  giTcn,  usuming  tbAt  tbe  position  of  the  membraae  is  verticul 
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ward,  and  may  be  increased  or  diminislied  by  the  action  of 
the  muBclefi  of  the  middle  ear.  The  point  of  greatest  con- 
cavity, where  the  extremity  of  the  handle  of  the  malleus  is 
attached,  is  called  the  umbo.  Von  Troltfich  has  described, 
upon  the  inner  surface  of  the  membrane,  two  pouchea,  or 
poeketa.  One  is  formed  by  a  Bmall,  irregular,  triangular  fold 
situated  at  the  upper  part  of  its  posterior  half,  and  consisting 
of  a  process  of  the  fibrous  layer.  This,  which  is  caUed  the 
posterior  pocket,  is  open  below,  and  extends  from  the  poste- 
rior upper  border  of  the  membrane  to  the  handle  of  the  mal- 
leus, which  it  assists  in  holding  in  position.  "  After  it  ha« 
been  divided,  this  bone  is  much  more  movable  than  before," 
The  anterior  pocket  is  lower  and  shorter  than  the  posterior. 
It  is  formed  by  a  small  bony  process  turned  toward  the  neck 
of  the  malleus,  by  the  mucous  membrane,  by  the  bony  pro- 
cess of  the  malleus,  by  its  anterior  ligament,  the  chorda  tym- 
pani,  and  the  anterior  tympanic  artery,*  The  handle  of  the 
malleus  is  inserted  between  the  two  layers  of  the  fibrous 
structure  of  the  membrana  tympani  and  occupies  the  upper 
half  of  its  vertical  diameter,  extending  fi*um  the  periphery 
to  the  umbo. 

The  membrana  tympani,  though  thin  and  translucent, 
presents  three  distinct  layers.  Its  outer  layer  is  an  exees- 
sively  delicate  prolongation  of  the  integument  lining  the  ex- 
ternal meatus,  presenting,  however,  neither  papilte  nor  glands* 
The  inner  layer  is  a  delicate  c#>ntinuation  of  the  nmcons  mem- 
l>mne  lining  the  tympanic  cjivity,  and  is  covered  by  tessel- 
lated epithelial  cells*  The  fibrous  portion,  or  lamina  propria, 
is  formed  of  two  layers.  The  outer  layer  consists  of  fibres, 
radiating  from  tJie  handle  of  the  malleus  to  the  periphery* 
These  are  best  seen  near  the  centime.  The  inner  layer  is  com- 
posed of  circular  fibres,  which  are  most  abundant  near  the 
periphery,  and  diminish  in  number  tow^ard  the  centre.  Be- 
tween these  two  layers,  are  fusiform  corpuscles,  described 
first  by  Von  Troltsch,*  which  resemble  the  corneal  corpuscles* 

^  T»i5LTfl€n,  DiitaUM  of  the  £ar,  New  York,  1869,  p.  82.  •  Xo<?.  eit 
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The  color  of  the  membi^ana  tjmpani,  when  it  is  examined 
with  an  aural  speculura  by  daylight,  is  peculiar,  and  rather 
difficnit  to  describe,  as  it  varies  in  the  normal  ear  in  diJlerent 
indi^ndoals.  Politzer  deacribes  the  membrane,  examined  in 
this  way,  as  translucent,  and  of  a  color  which  **  most  nearly 
approaches  a  neutral  gray,  mingled  with  a  weaker  tint  of  vio- 
let and  light  yellowish-brown."  '  This  color  is  modified,  in 
certain  portions  of  the  membrane,  by  the  (Chorda  tympani 
and  the  bones  of  the  ear,  which  produce  some  opacity.  The 
entire  membrane  in  health  has  a  soft  Instre.  In  addition, 
there  is  seen,  with  proper  illnmination,  a  well-marked,  trian- 
gular cone  of  light*  with  its  apex  at  the  end  of  the  handle  of 
the  malleus,  spreading  out  in  a  downward  and  forward  direc- 
tion, and  from  r^to-^oi  an  inch  broad  at  its  base.  This 
appearance  is  regarded  by  pathologists  as  very  impoitant,  as 
indicating  a  normal  condition  of  the  meml)rane.  It  is  un- 
doubtedly due  to  reflection  of  light,  depending  upon  three 
factors,  indiciited  by  Roosa  ns  follows :  '^  First,  the  inclina- 
tion of  the  raerabrana  tympani  to  the  auditory  canal ;  second, 
the  traction  of  the  malleus,  which  rendei's  it  concave  at  the 
centre ;  third,  its  piolish  or  brilliancy."  *  With  this  explana- 
tion, it  is  not  admitted  that  the  light  spot  is  due  to  a  peculiar 
structure  of  that  portion  of  the  membrane  upon  which  it  is 
seen. 

Uses  of  iJie  Memhvana  Tympani, — It  h  imquestionable 
that  the  membrana  tympani  is  very  important  in  audition- 
In  caaea  of  disease,  in  which  the  membrane  is  thickened,  per- 
forated, or  destroyed,  the  acnteness  of  hearing  is  always  more 
or  lees  affected.  That  this  is  in  great  part  due  to  the  absence 
of  a  vibrating  surface  for  the  reception  of  waves  of  sonnd^  is 
shown  by  tlie  relief  which  is  experienced  by  those  patients 
who  can  tolerate  the  presence  of  an  artificial  membrane  of 


'  PoLiTZCR,   The  Membrana  Tympani  in  UtaUh  md  DkeoMe^  New  York, 
1860,  p.  sa. 

*  Roofli«  JHuoM  of  the  Ear^  New  Tork^  1 878,  p.  1S9. 
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rubber,  when  this  is  introduced.  As  regards  the  mere  aoate- 
neigd  of  hearing,  aside  from  the  pitch  of  fiound%  the  explana* 
tioQ  of  the  action  of  the  membrane  is  very  simple.  As  was 
fihowTi  by  itiiller/  eonorooB  vibrations  are  not  readily  trans- 
mitted  through  the  atmosphere  to  solid  bodies,  like  the  bonee 
of  the  ear ;  and,  when  they  are  thus  tranjBmitted,  they  Io§e 
considerably  in  intensity.  When,  however,  the  aerial  ribra- 
tions  are  receiv*ed  by  a  delicate  membrane,  imder  the  eondi* 
tions  of  the  membrana  tynipani,  they  are  trangmitt^  with 
very  little  loss  of  intensity ;  and  if  this  membrane  be  con- 
nected  with  solid  bodies,  like  the  bones  of  the  middle  ear, 
the  Tibrations  are  readily  conveyed  to  the  sensory  portions  of 
the  auditory  apparatus.  The  parts  composing  the  middle  ear 
are  thus  admirably  adapted  to  the  transmission  of  sonorous 
waves  to  the  auditory  nerves*  The  membrane  of  the  tym* 
panum  is  delicate  in  structure,  stretched  to  the  proper  degree 
of  tension,  and  ^dbrates  under  the  influence  of  the  waves  of 
soimtl^  as  has  been  clearly  demonstrated  by  Savart.*  Attached 
to  this  membrane,  is  the  chain  of  bones,  which  conducts  its 
vibrations,  like  the  bridge  of  a  violin,  to  the  liquid  of  the 
labyrinth.  The  membrane  is  fixed  at  its  periphery  and  hue 
air  on  both  sides^  so  that  it  is  under  the  most  favorable  condi- 
tions for  vibration. 

A  study  of  the  mechanism  of  the  ossicles  and  musdes  of 
the  middle  ear  shows  that  the  membrana  tympani  is  subject 

>  Mlhxni,  Slemmts  of  i'AjMio^y,  London,  1843,  toI  ti,  p,  1248.  X&Uer 
hfti  iDTestigAted  Terj  clos^tj  the  pb^eicol  kws  of  the  tranBnuBsioD  of  soDOrou 
TibratioQi  through  media  of  different  den«itlee.  The  following  pMvgntph  iilos- 
tntM  the  mppHeatlon  of  these  laws  to  tlie  ph^rdiology  of  the  micJdlo  e^r: 

**  A  fiiudt  Bolid  body,  fixed  in  mn  opening  by  nieanfl  of  ft  botder  of  membimii6| 
•0  ft3  to  be  mor&ble,  commnnicatee  sonorous  Tibmtious,  from  air  on  one  aide, 
to  water^  or  the  fluid  of  the  labyrinth,  on  the  other  aide«  much  better  than  polid 
mcKlia  not  to  ponstructed.  But  the  propa^tkm  of  WMind  to  the  fluid  hi  rendcrad 
much  more  perfect  if  the  eolid  conductor  thus  oocupjliig  the  opening  (tecitti 
of  the  labyrinth)  ia  by  its  other  end  fixed  to  the  middle  of  a  tense  miembruit 
whieb  has  atmoBpherie  air  on  both  aides.  ^ 

*  Savajit,  Rfcherthet  9ur  Ut  wmffet  d^  h  membram  du  tampan  d  dt  Tomttt 
aieme^'-^ounud  de  ph^idogit^  Paris,  1824,  tome  iv.,  p,  JB03,  ei  $tq. 
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to  eerlain  phjsiologifi&I  TBriatiood  in  teaisioQ,  dae  to  contnic- 
tiim  of  the  tensor  trmpaiii.  It  is  ako  errident  tluit  this  mem- 
bnme  mw  be  drawn  in  and  rendered  tense  br  exhauflttng  or 
lare^ring  thq  air  in  the  dram.  If  the  mouth  and  no^e  be 
eloeed  and  we  attempt  to  breathe  forcibly  bv  e^qNOiding  tlie 
diestf  the  external  preesiire  tightens  the  membrane.  In  thid 
oondition,  Dr.  Wollaston  has  shown  that  the  ear  is  rendered 
ioaeneible  to  grare  aoimdB,  but  that  high-pitdied  sounds 
appear  to  be  more  intense.  If  the  tension  be  relieyed,  aa 
maj  be  done  bj  an  act  of  swallowing,  the  graTe  eomidd  are 
beard  with  normal  difitinctneBS*    This  exper*  t  Hed  at  a 

ooncert,  produces  the  enrions  effect  of  alv  ^  a  great 

number  of  the  lowest  tones^  while  the  shrill  sounds  are  heard 
Tenr  acutely/  The  same  phenomena  are  observed  when  the 
external  pressure  is  increased  by  descent  in  a  diving-beD/ 

Undoubted  eases  of  voluntary  contraction  of  the  tensor 
tympaui  have  been  observed  by  otologists ;  and  in  theee^  by 
bringing  this  muscle  into  action,  the  limit  of  the  perception 
of  high  tones  is  greatly  increased.  In  two  instances  of  this 
kind,  recorded  by  Dr.  Blake,  of  Boston,  the  ordinarj*  limit 
of  perception  was  found  to  be  three  thousand  single  vibra- 
tions ;  and,  by  contraction  of  the  muscle,  this  was  increased 
to  five  thousand  single  vibrations.* 

The  admirable  experiments  of  Savart,  to  which  we  have 
already  alluded,  show  that  the  membrana  tympani  vibrates 

1  WotXASTOx,  On  SomA  inamdiBU  hy  CMwa  Ban,^FkSQ§ophimf  31  laiiw 
flonc,  Ixmtai,  ISfiO,  p.  S06,  et  teq^ 

■  Tod©,  Cfebpmdia  a/  Anoio^y  «md  Fkyiioloffy,  LoDdon,  183S-lSaa,  Tol  it, 

*  Blau,  Smimaiy  o/IimtU$of&perimmit  of»  ih*  Btrt^ian  o/Mi^  JfwJMf 
T^na,— TVoiM,  &/  ih^  Ameritati  Otologic  Bocitty^  Boiton,  IStS,  ToL  t,,  p,  Yt. 

Oili«r  cmies  of  volunury  contmelioti  of  th«  tenior  t]nDp4ai  hMv^  htttx  ob- 
itrred.  Sdiapraiger,  who  pofseesed  this  facultj,  wm  Me  to  cootnct  the 
mmde  bo  as  to  render  sU  nolea  below  »eveo.%j  vibnitioiid  ianadibki,  while  the 
tlgher  tonei  were  more  readilj  perceiTed  the  mora  encfgetio  the  tefiaioa  of  the 
tDCmbmne.  ( UtAer  dU  Contmeti4M  da  7V^m$nei/di^ammfrt.'-^8iiMmnffUrit^  dtr 
ktittriit^m  AkademU  dtr  Wtsfmtckaften^  malAmaiUdi  •  mtiturv^iumMehaftli^ 
€hm^  Wlen,  1870,  M  bdl,  Zweit«  Abth^lung,  a  i*n.) 
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by  influence,  when  it  is  brought  in  accord  with  a  given 
tone.  In  other  words,  this  membrane  obeys  the  laws  of 
consonance,  and  vibrates  strongly  by  the  influence  of  sounds 
in  unison  or  in  harmony  with  its  fundamental  tone.  The 
laws  of  vibrations  by  influence  have  been  fully  discussed  in 
the  preceding  chapter ;  *  and  it  remains  for  us  now  to  deter- 
mine how  far  these  laws  are  applicable  to  the  physiology  of 
the  vibrations  of  the  merabrana  tympani,  and  the  action  of 
these  vibrations  in  the  accurate  perception  of  musical  soundis. 

There  are  certain  phenomena  of  vibration  of  the  mem- 
brana  tympani  that  must  occur,  as  a  physical  necessity,  under 
favorable  conditions,  which  it  is  important  to  note  in  this 
connection  ;  and  these  have  hardly  attracted  sufficient  atten- 
tion at  the  hands  of  physiological  writers.  In  the  first  place, 
this  membrane  must  obey  the  laws  of  vibration  by  influence^ 
It  is  undoubtedly  thrown  into  vibration  by  irregular  waves 
of  noise,  as  contradistinguiehed  from  musical  tones;  but 
when  a  tone  is  sounded  in  unison  with  its  fundamental 
tone,  or  when  the  tone  somided  is  one  of  the  octaves  of  its 
fundamental,  it  must  undergo  a  vibration  by  influence,  like 
an  artificial  membrane.  If  we  suppose  the  membrane  to  be 
tuned  in  unison  with  a  certain  tone,  it  will  not  only  return 
this  tone  by  influence,  but  will  repeat  its  quality,  Not  only 
this,  when  a  combination  of  harmonious  tones  is  sounded, 
tlie  combined  sound  will  be  returned,  with  all  the  shades  in 
quality  which  the  combined  tones  produce.  On  account  of 
its  small  size,  the  soimd  produced  by  the  expensed  membrane 
itself  cannot  be  heard ;  but  that  the  membi-ane  does  vibrate 
by  influence,  has  been  proven  by  experiments  with  small  par- 
ticles of  sand  on  its  surface. 

yfe  are  certainly  justified  in  supposing  that  vibrations  of 
the  membrana  tympani,  too  delicate  to  be  revealed  to  the 
eye  or  the  ear  in  objective  experiments,  may  be  appreciated 
by  the  auditory  nerves  as  a  subjective  phenomenon.  In  other 
words,  we  can  probably  appreciate  vibrations  in  our  own  tym- 

>  See  pige  19S. 
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panic  membrane,  wlien  these  would  be  too  delicate  to  be  ob- 
seiTcd  by  the  eye  or  ear,  in  a  membrane  exposed  and  sub- 
jected to  similar  influences.  This  point  must  bo  accepted  as 
probable ;  and  it  cunnot  be  proven  by  direct  experiment.  If 
this  be  true,  the  most  complex  combinations  of  sound  pro- 
duced by  an  orchestra  might  be  actually  reproduced  by  the 
tympanic  membrane,  if  this  membrane  were  accurately  tuned 
to  the  fundamental  tone. 

The  arrangement  of  the  muscles  and  bones  of  the  middle 
ear  admits  of  the  possibility  of  tuning  the  membrana  tym- 
pani  with  exquisite  nicety.  These  muscles  are  sometimes  ^ 
far  mider  the  control  of  the  will  that  we  can  tighten  the 
membrane  to  its  limit  by  a  voluntary  effort;  the  muscles 
are  of  the  striated  variety,  and  are  capable  of  rapid  action ; 
they  are  supplied  vnth  motor  filaments  from  the  cerebro- 
spinal system ;  the  ear  is  fetigued  by  long  attention  to  par- 
ticular tones;  persons  not  endowed  with  what  is  termed  a 
musical  ear  cannot  appreciate  slight  distinctions  between  dif- 
ferent tones ;  the  mr  is  capable  of  education  in  the  appre- 
ciation of  pitch  and  in  following  rapid  successions  of  tones ; 
and,  in  sboit,  thei*e  are  many  points  in  the  mechanism  of  the 
transmission  of  musical  sounds  in  the  ear  that  seem  to  in- 
volve muscular  actioiu  In  the  larynx,  we  are  conscious  of 
differences  in  the  tension  of  the  vocal  cords  only  from  differ- 
ences in  the  character  and  pitch  of  the  soimds  produc^l ;  in 
the  eye,  we  are  conscious  of  the  contraction  of  the  muscle  of 
accommodation  from  the  fact  that  an  effort  enables  us  to  see 
objects  distinctly  at  different  distances ;  and  it  is  not  impos- 
sible that,  under  ordinary  conditions,  the  consciousness  of 
oontractions  of  the  muscles  of  the  middle  ear  may  be  revealed 
only  by  the  fact  of  the  correct  appreciation  of  cei-tain  musical 
tones.  Some  persons  can  educate  the  ear  so  as  to  acquire 
what  is  called  the  faculty  of  absolute  pitch  ;  that  is,  witliout 
the  aid  of  a  tuning-fork  or  any  musical  instrument,  they  can 
give  the  exact  musical  value  of  any  given  tone.  A  possible 
explanation  of  this  ia  that  such  persons  may  have  educated 
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the  miiflcles  of  the  ear  bo  ad  to  put  the  tympanic  membraae 
in  &ueh  a  condition  of  tenfiion  as  to  respond  to  a  given  note 
and  to  recognize  the  position  of  this  note  in  the  musical  eeale. 
Finally,  an  accomplished  musician^  in  conducting  an  orchestra, 
can,  by  a  voluntary  effort,  direct  his  attention  to  certain  in- 
Btruments,  and  hear  their  notes  distinctly,  separating  them, 
a^  it  wei*e,  from  the  general  mass  of  fiound,  can  distinguish 
the  faintcBt  discords,  and  immediately  designate  a  sin^e  in- 
strument making  a  false  note. 

The  fact  that  rapid  successions  of  notes  are  readily  appre^ 
eiated  does  not  of  necessity  argue  against  the  possibility  of 
following  these  notes  with  the  muscles  of  the  ear ;  for  the 
muscles  of  the  larynx  may  act  so  as  to  produce  successions 
of  notes  as  rapidly  as  they  can  be  correctly  appreciated-  Nor 
does  the  fact  that  we  must  prepare  the  tympanic  membrane 
for  certain  notes  militate  against  the  theory  we  have  just 
given,  for  musical  oumpositions  present  melodious  successions 
in  a  certain  scale,  the  notes  of  which  bear  well-defined  harmo- 
nious relations  to  each  other,  and  we  immediately  appreciate 
a  change  in  the  key,  which  is  simply  a  change  in  the  funda- 
mental* These  changes  in  the  key  must  be  made  in  accord- 
ance with  the  laws  of  modulation ;  otherwise  they  are  hareh 
and  grating.  Modulation  in  music  is  simply  a  mode  of  pass- 
ing from  one  key  to  another  by  certain  transition-notes  or 
chords,  which  seem  inevitably  to  lead  to  a  certain  key,  and  to 
no  other.  Finally,  the  laws  of  vibration  by  influence  show 
that  a  single  vibrating  membrane  returns  the  quality  as  well 
as  the  pitch  of  tones  and  combinations  of  tones  as  welL 

The  theory  we  have  just  given  of  the  possible  action  of 
the  membrana  tympani  is  an  elaboration  of  the  view  ad- 
vanced by  Everard  Home.*  Unfortunately  for  the  simplicity 
of  the  mechanism  of  hearing  and  the  idea  of  di^^sion  and 

*  HouK,  On  the  Orpan  of  ifmrinff. — Ledurm  on  Comparaiim  AfMtnmif^  Lon- 
doi]»  1828,  ToL  ULf  p.  268,  d  seq.  In  this  Article,  them  waa  no  eYpcrtmailil 
proof  giren  of  the  Iheorj  ftdrAnced,  and  it  doa  oot  $eem  UiAt  Ibe  Laws  of  Yibr^ 
ti<m  by  infloeDoe  w«r«  (UUt  recognized.  The  Author  erred,  aIso,  m  Msvaaing  tbrnl 
Ihe  znembrAnA  tympani  Itself  U  a  mttgcuUr  membrAnc     It  U  probAblj  for  thefo 
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isolation  of  function  in  different  parts,  wliich  is  so  seductive 
to  pliysiologists,  there  are  certain  facts  and  considerations 
which  prevent  us  from  adopting  it  absolutely  and  exclusively 
as  an  explanation  of  the  mechanism  of  the  appreciation  of 
musical  sounds.     These  are  the  following : 

Destruction  of  both  membrante  tympani  does  not  neces- 
earily  produce  total  deafnesB,  although  this  condition  involves 
considerable  impairment  of  hearing.  So  long  as  there  is  simple 
destruction  of  the«e  membranes,  the  bones  of  the  middle  ear 
and  the  other  parts  of  the  auditory  apparatus  being  intact^ 
the  waves  of  sound  are  conducted  to  the  auditory  nerves, 
though  ,  imperfectly.  In  a  remarkable  case  reported  by  Sir 
Astley  Cooper,  which  is  cited  by  most  writers  on  physiolo^^ 
one  membrana  tympani  was  entirely  destroyed,  and  the  other 
was  nearly  gone,  there  being  some  parts  of  its  periphery  re- 
maining. In  this  person,  the  hearing  was  somewhat  im- 
paired, though  he  could  distinguish  ordinary  conversation 
pretty  well.  Fortunately  he  had  considerable  musical  taste, 
and  it  was  ascertained  that  his  musical  ear  was  not  seriously 
impaired ;  "  for  he  played  well  on  the  flute  and  had  frequently 
borne  a  part  in  a  concert,  I  speak  thisj  not  from  his  author- 
ity only,  but  also  from  that  of  his  father,  who  is  an  excellent 
judge  of  music,  and  plays  well  on  the  violin :  he  told  me, 
that  his  son,  besidea  playing  on  the  flute,  smig  with  much 
taste,  and  perfectly  in  tune." '  This  single  case,  if  its  details 
be  accurate — which  we  have  no  reason  to  doubt — shows  con- 
clusively that  the  correct  appreciation  of  musical  sounds  may 
exist  independently  of  the  action  of  the  membrana  tympani. 

There  is  now  one  consideration,  of  the  greatest  impor- 
tance, that  must  be  kept  in  \iew  in  stndying  the  functions  of 

rtAsotii  tbiLt  the  tbeorj  h&s  received  »o  litUe  conaideratioa  bj  Uter  writen.  It  Ia 
Interesting,  however,  to  note  Berenl  emaes  reported  by  Home»  in  whieb  the  cor- 
rect ftpprecintion  of  mu^icftl  Aounda  wmi  temporarily  loet,  in  iome  eafle*,  as  the 
result  of  ft  nerrouB  aJTectioi^  and  in  othcm,  from  catarrh, 

*  C<x>p«R,  Ohtbertfaiiona  on  the  EffecU  which  Udc6  plaet  fr<mi  (he  Ik^iruHhn  of 
lk$  Mrmbrana  Tympani  o/  th«  Ear,  In  a  LdUr  io  Etdulrd  Homk,— PAiTp- 
tophieal  Trantaetiona^  London,  ISU^i,  p,  \li^. 
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any  distinct  portion  of  the  auditoiy  apparatus,  like  the  mem- 
brana  tympani.  Thitj,  like  all  other  parts  of  the  apparatus, 
except  the  auditory  nerves  themselves,  has  simply  an  acces- 
sory function.  If  the  regular  waves  of  a  musical  tone  be 
conveyed  to  the  terminal  filaments  of  the  auditory  nerves, 
these  waves  make  their  impression  and  the  tone  is  appre- 
ciated. It  makes  no  difference,  except  as  regards  intensity, 
how  these  waves  are  conducted  ;  the  tone  is  appreciated  by 
the  impression  made  upon  the  nerves,  and  the  nerves  only. 
The  waves  of  sound  are  not  like  the  waves  of  hghl,  re- 
fracted, decomposed,  perhaps,  and  necessarily  brought  to  a 
focus  as  they  impinge  upon  tlie  retina ;  as  far  as  the  action  of 
the  accessory  parts  of  the  ear  are  concerned,  the  waves  of 
sound  are  mialtered ;  that  is,  the  rate  of  their  succession  re- 
maiiiB  absolutely  the  same,  though  they  be  reflected  by  the 
concavities  of  the  concha,  and  repeated  by  the  tympanic 
membrane.  Even  if  w^e  assume  that  the  membrane,  under 
normal  conditions,  repeats  musical  sounds  by  vibrations  pro- 
duced by  influence,  and  that  this  membrane  is  tuned  by  vol- 
mitary  muscular  action  so  that  tones  are  exactly  repeated,  the 
position  of  these  tones  in  the  musical  scale  is  not  and  cannot 
be  altered  by  the  action  of  any  of  the  accessory  organs  of 
hearing.  The  fact  that  a  person  may  retain  his  musical  ear 
with  both  membranes  destroyed  is  not  really  an  argument 
against  the  view  that  the  membrane  repeats  tones  by  influ- 
ence ;  for,  if  musical  tones  or  noisy  vibrations  be  conducted 
to  the  auditory  nerves,  the  impression  produced  must  of  ne- 
cessity be  dependent  exclusively  upon  the  character,  regu- 
larity, and  number  of  the  sonorous  A^brationa.  And,  again, 
the  physical  laws  of  sound,  which  are  lixed  and  unchange- 
able, teach  us  that  a  meftibmne,  like  the  membrana  tympani, 
must  return  or  reproduce  sounds  which  are  in  unison  or  are 
harmonious  with  its  fundamental  tone,  much  more  perfectly 
than  discordant  or  irregular  ^nbmtions.  In  a  loud  confusion 
of  noisy  sounds,  we  can  readily  distinguish  pure  melody  or 
harmony,  even  when  the  vibrations  of  the  latter  are  compara- 
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lively  feeble.  In  fullowing  with  the  ear  any  piece  of  music, 
reasoning  from  purely  physical  considerations,  it  must  at 
times  occur  tliat  the  tones  are  in  exact  unison  or  in  hanuony 
with  the  fundamental  tone  of  the  membrana  tympani.  Sup- 
poeing  the  fundametital  tone  of  the  membrane  to  be  constant 
and  invariable,  such  tones  wonld  be  heard  much  more  dis- 
tinctly than  others^  as  a  physical  necessity.  Such  a  difference 
in  the  appreciation  of  certain  notes  in  melody  does  not  oc- 
cur ;  and  the  only  reasonable  explanation  of  this  is  that  the 
tension  of  the  membrane  is  altered.  It  is  ^own  by  anatomi- 
cal researches  that  the  tension  can  be  altereii  by  muscular 
action,  and,  as  the  muscles  are  sb-iated,  we  may  suppose  that 
it  may  be  modified  rapidly.  Physiological  observations  show 
that  such  modifications  in  tension  do  occur;  and  there  are 
on  record  imquestionable  instrmeea  in  wliich  the  membrana 
tympani  is  tightened  by  a  voluntary  contraction  of  the  ten- 
8or-tympani  muscle.' 

Another  important  point  to  note  in  tliis  connection  is  the 
following :  Can  it  be  shown  that  the  appreciation  of  the  pitch 
of  tones  bears  any  relation  to  the  degree  of  tension  of  the 
tympanic  membrane  J  We  can  answer  this  question  unre- 
servedly in  the  affinnative.  When  the  membrane  is  ren- 
dered tense,  there  is  insensibility  to  low  tones.  IVTien  the 
membrane  is  brought  to  tlie  highest  degree  of  tension  by 
voluntary  contraction  of  the  tensor  tympani,  the  limit  of  ap- 
preciation of  high  tones  may  be  raised  from  three  thousand 
to  five  thousand  ^nbrations.  It  is  a  fact  in  tlie  physics  of  the 
membrana  tympani,  that  the  ^nbrations  are  more  intense  the 
nearer  the  membrane  approaches  to  a  vertical  position.  It 
has  also  been  sho^m  that  the  membrane  has  a  strikingly  ver- 
tical position  in  niiisicians,  and  that  the  position  is  very 
oblique  in  persons  with  an  imperfect  musical  ear,*  This  fact 
has  a  most  important  bearing  on  the  probable  relation  be- 
tween the  membrana  tympani  and  the  correct  appreciation 
of  musical  sounds. 

'  See  pagQ  201.       »  TRgLTsai,  DUeant  of  thfi  Mar,  New  York,  1869,  p.  86. 
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In  view  of  all  facte  and  considerations  for  and  against 
the  tlieory  which  we  have  given  of  the  action  of  the  tym- 
panic membrane  in  the  appreciation  of  miiBical  eoirnds,  does 
it  not  seem  probable  that  there  are,  acting  upon  this  mem- 
brane, muscles  of  auditory  accommodation,  analogous  in 
their  operation  to  the  muscle  of  vieual  accommodation  ?  We 
have  carefully  studied  this  subject  in  all  its  bearings,  and,  if 
the  reader  follow  closely  our  process  of  reasoning,  it  must 
seem  probable  that  the  muscles  of  the  middle  ear  are  muscles 
of  auditory  accommodation ;  but  it  should  be  reraembei'ed 
that  the  action  of  the  membrane  is  not  absolutely  essential, 
and  that  rauaical  toncB,  however  conducted,  must  of  necessity 
be  correctly  appreciated,  whenever  and  however  they  find 
their  way  to  the  auditoiy  nerves/ 

Experiments,  to  which  we  have  already  referred  in  an- 
other volume,'  have  sho^Ti  pretty  conclusively  that  the  tym- 
panic membrane  vibrates  more  forcibly  when  relaxed  than 
when  it  is  tense.  It  is  evident  that  the  relaxed  membrane 
must  undergo  vibrations  of  greater  amplitude  than  when  it  is 
under  strong  tension.  In  certain  cases  of  facial  palsy,  in 
which  it  is  probable  that  the  branch  of  the  facial  going  to 
the  tensor  tympani  was  affected,  the  ear  became  painfully 
sensitive  to  powerful  impressions  of  6<:nmd.  This  proliably 
has  no  relation  to  pitch,  and  most  sounds  that  are  painfully 
loud  are  comparatively  grave.  The  tension  of  the  membrane 
may  be  modified  as  a  means  of  protection  of  the  ear,  but  the 
facts  belonging  to  cases  of  facial  palsy  are  all  that  we  have 


*  Bonuidbnt  has  proposed  a  tbeory  of  the  aciion  of  the  membrftna  tymptni 

En  audition,  in  which  the  membrane  in  supposed  to  undergo  partial  tettfiions  and 
rclnxations,  and  thus  to  brin^  certain  portions  of  it  in  unison  with  diflfereni  tones. 
It  U  difficult  to  Bee  how  this  cowld  be  demonstrated,  even  should  it  oeeurj  and 
U  i#  erti'ier  to  explain  the  appreciation  of  harmonious  combinaiiona  of  tonc«»  hj 
the  well-known  hiwa  reguhiting  the  TibFaUoo«  of  membranes  by  intiuenoe. 
(BoKNAfOVT,  TrrnH  thSoriqw  M  praiifue  dm  rndtatUm  de  rortilU^  Tari^  1873» 
p.  ^*l*l,)  Bonnofont  pnbUahed  a  memair,  in  which  the  above-meutloncd  tbeory 
wag  proposed,  in  18&^. 

*  See  roL  iv.^  Nefrous  System,  p,  155, 
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bearing  upon  this  point.  Artillerists  are  in  danger  of  rup- 
ture of  the  niembrana  tjnnpani  from  eudden  concussions* 
To  guard  against  this  injury,  it  is  recommended  to  stop  the 
ear,  draw  the  shoulder  up  against  the  ear  most  in  danger,  and 
particularly  to  inflate  the  middle  ear  after  Valsalva's  method. 
**  This  method  consists  in  making  a  powerful  expiration,  with 
the  mouth  and  nostrils  closed,"  * 


M^ohatdsm  of  the  Omides  of  the  Ear. — The  ossicles  of 
the  middle  ear,  in  connection  with  the  muscles,  have  a  two- 
fold function  :  First,  by  the  action  of  the  muscles,  the  mera- 
brana  tympani  may  be  brought  to  different  degrees  of  ten- 
sion. "Second,  the  chain  of  bones  serves  to  conduct  sonorous 
vibrations  to  the  labyrinth.  It  must  be  remembered  that  the 
handle  of  the  malleus  is  closely  attached  to  the  membrana 
tympani,  especially  near  its  lower  eniL  Near  the  short  pro- 
cess, the  attachment  is  looser  and  there  is  even  an  incomplete 
joint-space  at  this  point.  The  long  process  is  attached  closely 
to  the  Glasserian  fissure  of  the  temporal  bone* 

The  malleus  is  articulated  ^"ith  the  incus  by  a  very  pecul- 
iar joint,  which  has  been  accurately  described  by  Ilelmholtz. 
This  joint  is  so  arranged,  presenting  a  sort  of  cog,  that  the 
handle  of  the  malleus  can  rotate  only  outward ;  and  when  a 
force  is  applied  which  would  have  a  tendency  to  produce  a 
rotation  inward,  the  malleus  must  carry  the  incus  with  it* 
This  mechanism  has  been  aptly  compared  by  Helmholtz  to 
that  of  a  watch-key  with  cogs  which  are  fitted  together  and 
allow  the  whole  key  to  turn  in  one  direction,  but  are  sepa- 
rated so  that  only  the  upper  portion  of  the  key  turns  when 
the  force  is  applied  in  the  other  direction.'    In  the  articula- 

*  TROLTBcn,  lH»rtu€a  of  the  Ear^  New  York,  1869,  p,  148.  AoGOTding  to  Dr. 
Rooaa,  rtiptur«  of  ihe  trmpanic  Dacmbratu!  h«a  been  tery  Beldom  observed  in 
ScMicra  rfttring  the  lato  war  in  thU  countrr,  though  it  ifl  weU  known  that  it 
wemnfitmm  oecnr«,  eren  from  the  report  of  a  pistol  near  the  ear.  (RoosAf  Dia- 
#Mft  of  ihf  3tr,  New  York,  ISt;*,  p.  22a,) 

*  HKLiiTfo[  TZ,  3frrhitnum  t>/  the  Oasidtm  of  the  Ear  a$td  Mm^^mta  T^pani^ 
fr«yw  York,  16t8,  p.  Si,  rf  «^. 
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tion  between  the  malleus  and  the  incus,  the  only  difference 
is  that  there  is  but  one  cog;  but  this  is  sufficient  to  prevent 
an  independent  rotation  of  the  malleus  inward.  This  enables 
us  to  understand  the  action  of  the  tensor-tympani  muscle. 
By  the  contraction  of  this  muscle,  "  all  the  bands  which  give 
firmness  to  the  position  of  the  ossicles  are  rendered  tense. 
This  muscle,  in  the  first  place,  draws  the  handle  of  the  ham- 
mer inward,  and  with  it  the  membrana  tympani.  At  the 
same  time  it  pulls  upon  the  axis-band  of  the  hammer,  draw- 
ing it  inward  and  putting  it  upon  the  stretch.  Another  ef- 
fect, as  we  have  shown,  is  to  draw  the  head  of  the  hammer 
away  from  the  tympano-incudal  joint,  to  tighten  all  the  liga- 
ments of  the  anvil,  those  toward  the  hammer  as  well  as  those 
at  the  end  of  its  short  process,  and  to  lift  the  latter  up  from 
its  bony  bed.  In  this  way  the  anvil  is  brought  into  the  posi- 
tion where  the  cogs  of  the  malleo-incudal  joint  fit  into  one 
another  the  tightest.  Finally,  the  long  process  of  the  anvil 
is  compelled  to  perform  a  rotation  inward  in  company  with 
the  handle  of  the  hammer ;  in  so  doing,  as  we  shall  see  fur- 
ther on,  it  presses  upon  the  stirrup  and  drives  it  into  the  oval 
window  against  the  fluid  of  the  labyrinth. 

"  In  this  respect  the  construction  of  the  ear  is  very  re- 
markable. By  the  contraction  of  the  single  mass  of  elastic 
fibres  constituting  the  tensor  tympani  (whose  tension,  besides, 
is  variable  and  may  be  adapted  to  the  wants  of  the  ear)  all 
the  inelastic  tendinous  ligaments  of  the  ossicles  are  simulta- 
neously put  upon  the  stretch."  * 

The  body  of  the  incus  is  attached  to  the  posterior  bony 
wall  of  the  tympanic  cavity.  Its  articulation  with  the  mal- 
leus has  just  been  indicated.  By  the  extremity  of  its  long 
process,  it  is  also  articulated  with  the  stapes,  which  completes 
the  chain.  In  sitUj  the  stapes  forms  nearly  a  right  angle 
with  the  long  process  of  the  incus. 

The  stapes  is  articulated  with  the  incus,  as  indicated  above, 

'  Helmiioltz,  Mechanism  of  the  Otaida  of  the  Ear  and  Membrana  Tympani^ 
New  York,  1878,  p.  40. 
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nnd  its  oval  base  is  applied  to  the  fenestra  ovalis*  Surround- 
ing the  base  of  the  stapes,  is  a  ring  of  elastic  tibroeartilage, 
whicli  is  closely  united  to  the  bony  wall  of  the  labyrinth,  by 
an  extension  of  the  periosteum  over  the  base  of  the  stapes, 

*'  The  relation  of  the  stirrup  to  the  anvil  is  such  that,  if 
the  handle  of  the  hammer  be  drawn  inwai-d,  the  long  process 
of  the  anvil  presses  finaly  against  the  knob  of  the  stiiTiip ; 
the  same  takes  place  if  the  capstdar  ligament  between  l»oth 
be  cut  through,^' ' 

The  artieidations  between  the  malleus  and  the  incus  and 
between  the  incus  and  the  stapes  are  so  arranged  that  when 
the  membrana  tympani  is  forced  outward,  as  it  nxay  be  by  in- 
flation of  the  tympanic  cavity,  there  is  no  danger  of  tearing 
the  stapes  from  its  attachment  to  the  fenestra  ovalis ;  for, 
when  the  handle  of  the  midleus  is  drawn  outward,  the  cog- 
joint  between  the  malleus  and  the  incus  is  loosened  and  no 
great  traction  can  be  exerted  upon  the  stapes. 

The  fact  that  the  stapes  may  be  pressed  against  the  Uquid 
of  the  labyrinth  was  demonstrated  by  a  very  satisfactory  ex- 
periment describecl  by  HelroholtZj  in  whicli  an  opening,  made 
into  the  superior  semicircukr  canal,  was  fitted  with  a  slender 
glass  tube,  and  the  vestibule  and  a  poition  of  the  tulie  filled 
with  water.  '*  The  movements  of  the  bones  of  the  ear  pro- 
duced by  forcing  aii*  into  the  external  meatus  caused  the  fluid 
in  the  tube  to  rise  0*9  mm,"  From  this  experiment,  it  was 
calcidataJ  that  the  excursions  of  the  stapes  amounted  to  from 

Although  the  experiments  which  we  have  cited  illustrate 
pretty  conclusively  the  mechanism  of  the  ossicles  and  the  ac- 
tion of  the  tensor-tympani  muscle,  both  as  regards  the  chain 
of  Ix^nes  and  the  membrana  tympani,  direct  observations 

*  Helmholtz,  op.  rt/,,  p.  48. 

*  Op,  cit,  p.  48. 

The  moTemcnts  of  the  flUpca  have  been  described  by  Dr.  A.  H.  Buck^  in  an 
eUborAte  puper.  The  detail*  of  his  cxperinriente,  however,  arc  very  inin«t4?,  and 
the  facte  staled  above  are  Btiffiek'ut  for  our  purpose,  (Bt;cK,  On  the  Mechanima 
^/fhe  Qfidn  ofthtEar,  New  York,  1870.) 
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are  wanting  to  show  the  exiiet  relations  of  these  different 
conditions  of  the  ossicles  and  of  the  membi'ane  to  the  physi- 
ology of  audition.  One  very  important  physical  point,  how* 
ever,  which  has  been  the  subject  of  much  discnsaion,  is  set- 
tled. The  chain  of  bones  acts  as  a  single  solid  body  in  con- 
ducting vibrations  to  the  labyrinth.*  It  is  a  matter  of  physi- 
cal demonstration  that  vibrations  of  the  bones  themselves 
would  be  infinitely  mpid  as  compared  with  the  highest  tones 
which  can  be  appreciated  by  the  ear,  if  it  were  possible  to  in- 
duce in  these  hones  regular  vibrations.  Practically,  theUj  the 
ossicles  have  no  independent  vibrations  that  we  can  appreci- 
ate. This  being  the  fact,  the  ossicles  simply  conduct  to  the 
labyrinth  the  vibrations  induced  in  the  membrana  tj^mpani 
by  sound-waves;  and  their  arrangement  is  such  that  these 
vibrations  lose  very  little  in  intensity.  While  it  has  been 
shown  experimentally,  by  Pulitzer  and  others,  that  the  ampli- 
tude of  vibmtion  in  the  membrana  tympani  imd  the  ossicles 
diminishes  with  the  tension  of  the  membrane,*  it  would  seem 
that,  when  tlie  tensor  tympani  conti'acts,  it  must  render  tlie 
conduction  of  sound-waves  to  the  labyrinth  moi-e  delicate 
than  when  the  auditory  appanitus  is  in  a  relaxed  condition, 
which  we  may  compare  with  the  "  indolent "  condition  of  the 
apparatus  of  accommodation  of  the  eye»  When  the  mem- 
brana tympiini  is  relaxed  and  the  eog*like  articulation  be- 
tween the  malleus  and  the  incus  is  loosenetl,  the  vibrations 
of  the  membrane  and  of  the  malleus  may  have  a  greater  am- 
plitude ;  but,  when  the  malleo-hicudal  joint  is  tightened  and 
the  stapes  is  pressed  against  the  fenestra  ovatjs,  the  loss  of 
intensity  of  vibration  in  conduction  through  the  bones  to  the 
labyrinth  must  be  reduced  to  the  mimmnm.  With  this  view, 
the  tensor-tympani  muscle,  while  it  contracts  to  secure  for 

'  IlELSJOoLrz  (op.  cit.)  demonatnited  the  mechriDbm  of  the  maUeo-'mcudftl 
Joint,  and  bhowcd  how  the  bones  conduct  vibrations  as  a  gingte  solid  Ic^er ;  but 
he  ghet  foil  credit  to  Weber  (p.  8),  who  first  prQp08ed  this  theory,  though  it  w«s  de- 
feotire  from  his  w&ni  of  knowledge  of  the  exttol  modo  of  iLrtl«»tktlon  of  tlic  booca. 

*  PoLrrzER,  (Ttdfnuehunffm  Hber  iSchalifarij^/kuunmff  und  SchaUkiiuug  im 
QtMrgam^-^Ar^iv  fikr  Ohrtnheilkunde,  Waixburg,  1864,  Bd.  L,  a  68,  ft  ittg. 
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the  mernbmna  tymijani  the  degreee  of  tension  most  favorable 
for  vibration  under  the  influence  of  certain  tones,  puts  the 
diain  of  bones  in  the  condition  l>est  adapted  to  the  conduc- 
tion of  the  vibrations  of  the  membrane  to  the  labyrinth,  with 
the  smallest  possible  loss  of  intenfiitj. 

Phydciagioal  Anatomy  of  the  Internal  £ar 

The  internal  ear  consists  of  the  labyrinth,  which  is  di- 
vided into  the  vestibule,  semicircular  canals,  and  cochlea. 
The  general  arrangement  of  these  parts  has  already  l>een  de- 
scribed ;  *  and  it  only  remains  for  ns  to  study  the  structured 
contained  within  the  bony  labyrinth,  in  so  far  as  their  anat- 
omy bears  nf>on  the  physiology  of  audition.  The  most  deli- 
cate and  complicated  points,  by  far,  in  the  anatomy  of  the 
auditory  apparatus  are  connected  with  the  histology  of  the 
internal  ear,  which,  ance  the  researches  of  Corti,  has  been 
studied  very  closely,  particularly  in  Germany*  We  shall 
avoid,  however,  the  discussion  of  histological  questions  of 
purely  anatomical  interest,  and  confine  ourselves  to  those 
points  which  have  a  dij*ect  bearing  upon  physiology. 

Passing  inward  from  the  tympanmn,  the  first  di%dsion  of 
the  internal  ear  is  the  vestibule.  This  cavity  couMnunieates 
with  the  tympanum  by  the  fenestra  ovalis,  which  is  closed 
in  the  natural  state  by  the  base  of  the  stapes.  It  communi- 
oatee,  also,  with  the  semicircular  canals  and  with  the  cochlea. 

General  Arrcmgement  of  the  Metnhranotia  Lahjrinih. — 
The  bony  kbjTinth  is  lined  by  a  moderately-thick  periosteum, 
consisting  of  connective  tissue,  a  few  delicate  elastic  fibres, 
numerous  nuclei,  and  blood-veasols,  with  spots  of  calcareous 
concretions.  Tliis  membrane  adheres  closely  to  the  bone  and 
extends  over  the  fenestra  ovalis  and  the  fenestra  rotunda.  Its 
inner  surface  is  smooth  and  covered  with  a  single  layer  of  cells 
of  pavement-epithelium,  in  some  parts  being  segmented  and 
in  others  forming  a  continuous  nucleated  sheet.    In  certain 
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portiims  of  the  vestibule  and  seaiieireular  canals,  the  period- 
teimi  is  united  to  the  membmnous  labyrinth,  more  or  less 
closely,  by  fibrous  bands,  which  have  been  called  ligaments 
of  the  labyrinth,*  The  fenestra  rotunda,  which  lio-s  between 
the  cavitf^  of  the  tympanum  and  the  cochlea,  is  closed  \*y  a 
membrane  formed  by  an  extension  of  the  periosteum  lining 
the  cochlea,  on  the  one  side,  and  the  mucous  membrane  lining 
the  tympanic  cavity,  on  the  other. 

In  the  bony  vestibulej  occupying  about  two-thirds  of  its 
cavitTj  are  two  distinct  sacs ;  a  large,  ovoid  sac,  the  utricle, 
situated  in  the  upper  and  posterior  portion  of  the  eavitj^,  and 
a  smaller,  rounded  sae,  the  saccule,  situated  in  its  lower  and 
anterior  portion.  Tlie  utricle  t'ommunicates  with  the  semi- 
circular canals ;  and  the  saccule  opens  into  the  membranous 
canal  of  the  cochlea  by  the  canalis  reuniens.  At  a  point  in 
the  utricle  corresponding  to  the  entrance  of  a  branch  of  the 
auditory  nerve,  is  a  round,  whitish  spot,  called  the  acoustic 
spot  (macula  acustica),  containing  otolitlis,  or  otoconia,  which 
are  attached  t«  the  inner  surface  of  the  membrane.  A  sim- 
Dar  spot,  containing  otoliths,  exists  in  the  saccule  at  the  point 
of  entrance  of  its  nerve.  Otoliths  are  also  found  in  the  am- 
pnllfB  of  the  semicircular  canals.  These  calcareous  masses 
are  composed  of  crystals  of  carbonate  of  Hme,  hexagonal  and 
pointe<i  at  their  extremities.  According  to  Sappey,  each 
crystal  coiTesponds  to  a  nerve-fibre,*  Nothing  definite  is 
known  of  tlie  f  imction  of  these  calcareous  bodies,  which  exist 
in  man,  mammals,  birds,  and  reptiles. 

The  membranous  semicircular  canals  occupy  about  ono- 
tlurd  of  the  cavity  of  the  bony  canals.  They  present  HtUe 
ovoid  (h^liUations,  ampulla^,  con'csponding  to  the  ampullary 
eidargements  of  the  bony  canals. 

The  membrane  of  the  cochlea,  including  the  lining  perios- 
teum, occupies  the  spiral  canal  of  the  cochlea,  which  it  fills 

*  RtptKOER,  in  Stricb331|  MantuU  of  ffunuin  and  CamparuHw  MiMoffy^  Tlie 
New  Sjdeaham  Society,  London^  IStS,  toL  ill,  p.  63. 

*  Sappiy,  TmiU  d'anatomie,  P«ri«,  I87l»  tome  ill,  p,  842, 
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Completely.  Viewed  externally,  it  appears  as  a  single  tube, 
foUowiDg  the  turns  of  the  bony  c<jclJeft,  beginning  below,  at 
the  first  turn,  by  a  blind  extremity,  and  terminating  in  a 
blind  extremity  at  the  summit  of  the  cochlea*  If  we  make 
a  section  of  the  cochlea,  in  a  direction  vertical  to  its  coils,  it 
will  be  seen  that  this  canal  is  divided,  partly  by  bone  and 
partly  by  membrane,  into  an  inferior  portion,  a  superior  i>or- 
tion,  and  a  triangular  canal,  lying  between  the  two,  which  is 
external.  The  bony  septnm  is  in  the  form  of  a  spiral  plate, 
extending  from  the  centml  column,  the  modiolus,  into  the 
caTity  of  the  cochlea,  about  half-way  to  its  external  wall, 
and  terminating  above  in  a  hook-shaped  extremity,  called 
the  hamulus.  The  free  edge  of  this  bony  lamina  is  thin 
and  dense.  Kear  the  central  column,  it  divides  into  two 
plates,  with  an  intermediate  spongy  structui^,  in  which  are 
lodged  vessels  and  nerves.  The  surfa^^e  of  the  bony  lamina 
looking  toward  the  base  of  the  cochlea  is  marked  by  nu- 
merous regular,  transverse  ridges,  or  striae. 

Attached  to  the  free  margin  of  the  bony  lamina,  is  a 
membrane,  the  membrana  basilaris,  which  extends  to  the 
outer  wall  of  the  cochlea.  In  this  way,  the  canal  of  the 
coclilea  is  divided  into  two  portions,  one  above  and  the 
other  below  the  septum.  The  portion  below  be^ns  at  the 
fenestra  rotunda,  and  is  called  the  scala  tympani.  The  por- 
tion above,  exclusive  of  the  triangular  canal  of  the  cochlea, 
communicates  with  the  vestibule,  and  is  called  the  scala  vea- 
tibuli. 

.  Above  the  membrana  basilaris,  is  a  membrane,  the  limbus 
kminie  spiradis,  the  external  continuation  of  which  is  called 
the  membrana  tectoria,  or  the  membrane  of  Corti.  Between 
the  membrana  tectoria  and  the  membrana  basilaris,  is  the 
orgim  of  Corti.  The  membrane  of  Keissner  extends  from 
the  iimer  portion  of  the  limbus  upward  and  outward  to  the 
outer  wall  of  the  cochlea.  This  divides  the  portion  of  the 
cochlea  situated  above  the  scala  tympani  into  two  portions, 
an  internal  portion,  the  scala  vestibuli,  and  an  external,  trian- 
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giilar  canal,  called  the  eanalis  coehlete,  or  the  membranoiiB 
cochlea. 

In  the  anatomical  description  of  the  contents  of  the  bony 
cochlea,  the  membranous  parts  may  be  designated  as  fol* 
lows: 

1.  The  portion  below  the  bony  and  membranone  septum, 
called  the  scala  tj^npani.  This  is  fonned  by  the  periosteum 
lining  that  portion  of  the  cochlea  and  the  under  surface  of 
the  bony  lamina,  and  the  membrana  basilarifl. 

3,  The  Bcala  veetibuli.  This  is  formed  by  the  periosteum 
lining  the  corresponding  portion  of  the  bony  cochlea  and 
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T«Tt$e«l  toctlon  of  Ui«  cochlM  oTt  fivtol  eiiU:  nifDlflod  Alt  diameters.  TMs  mwHod  sbom  dm 
Mptmn  Yi«ttwfM]it  the  two  ttaXm,  thtt  MtlA  tjrmfiADl  Mnv¥  the  tcptura,  tho  9c&)a  Tc<tSbtill 
•hOTie  tbe  •fptiiin.  «eh1  tba  trten^lir  canal  cxti^rnillv  Tbe  oiittT  waII  of  Uic  cochlea  to  m- 
ilOsd,  but  the  modMiii  la  «feia  eartUaftooai,  Ttu^  nwjiatlnir  llai^«  ta  the  taodlohia  todi«il« 
fb«  oottne  of  tba  aodlconr  iwrrM.  (EOu^icAtt,  Uandituah  dtr  Gtus^btUkr^  Ldpttft 
1867,8.  T14) 

the  upper  surface  of  the  bony  septum,  and  is  bounded  ex- 
ternally by  the  membrane  of  Reissnen 

3,  The  tnie,  raenibranous  cochlea.  This  is  the  spiral 
triangular  canal,  boimded  externally  by  the  periosteum  of  the 
corresponding  portion  of  the  wall  of  the  cochlea ;  internally, 
by  the  membrane  of  Reissner ;  and,  on  the  other  side,  by 
the  membrana  basilaris.'    What  we  thus  call  the  membra- 


'  8omc  anatombU  inclade  thi«  canal  in  the  ecala  vestibulL 
of  clearness,  wq  describe  it  by  itavlf^  aa  a  distinct  canal. 


For  the  sake 


nous  cocUea  is  divided  hy  tlie  lirabiia  laminae  spiralis  and  the 
membrana  tectoria  into  two  portioiis;  a  triangular  canal 
above,  wliich  ia  the  lai^r,  and  a  quadrilateml  canal  below, 
between  the  limbus  and  membrana  tectoria  and  the  mem- 
brana baailaris.  The  quadiilateral  canal  contains  the  organ 
of  Corti  and  various  structures  of  a  very  complicated  char- 
acter. The  relations  of  these  divisions  of  the  cochlea,  a 
knowledge  of  wliich  is  essential  to  the  comprehension  of  the 
ph^V&iologit^il  anatomy  of  this  portion  of  the  auditory  apparflr 
tus,  are  shown  in  Fig.  15,  with  the  exception  of  the  quadri- 
lateral canalj  which  will  be  shown  in  another  tigore. 
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The  membranous  cochlea,  as  described  above^  follows  the 
epirsl  course  of  the  cochlea,  terminates  superiorly  in  a  blind, 
pointed  extremity  at  the  cupola,  beyond  the  hamulus,  and  is 
connected  below  with  the  saccule  of  the  vestibule  by  the  ea- 
nalis  reumens.  The  relations  of  the  different  portions  of  the 
membranous  cochlea  to  each  other  and  to  the  acalm  of  the 
cochlea  are  shown  in  Fig.  16.  This  figure  also  shows  other 
structures,  which  we  shall  not  describe  more  minutely,  aa 
they  are  of  purely  anatomical  interest. 

We  shall  now  describe,  as  possessmg  the  most  physiologi- 
cal interest,  the  liquids  of  the  labyrinth,  the  distribution  and 
connections  of  the  nerves  in  the  labyrinth,  and  the  organ  of 
CortL 

Liquids  of  the  Zabyrhith. — ^The  labyrinth  contains  a  oe^ 
tain  quantity  of  a  clear,  watery  liquid,  called  the  humor  of 
Cotugno,  or  of  Yalsalva.  A  portion  of  this  liquid  surrounds 
the  membranous  sacs  of  the  vestibulej  the  semicircular  ca- 
nals, and  the  membranous  cochlea,  and  this  is  known  as  the 
perilymph  of  Bresehet,  Another  portion  of  the  liquid  fills 
the  membranous  labyrinth.  This  is  sometimes  called  the 
humor  of  Scarpa,  but  is  known  more  generally  as  the  endo- 
h*mph  of  Bresehet.*  The  perilymph  occupies  about  one-third 
of  the  cavity  of  the  vestibule,  of  the  semicircular  canals  and 
both  sealfg  of  the  c<x!hlea.  Both  this  liquid  and  tlie  endo^ 
lymph  are  clear  and  watery,  becoming  somewhat  opalescent  on 
the  addition  of  alcohoL  The  perilymph  seems  to  be  secreted 
by  the  periosteum  lining  the  osseous  labyrinth.  As  far  as 
we  know,  the  uses  of  the  liquid  of  the  internal  ear  are  to 
sustain  the  delicate  structures  contained  in  this  portion  of  the 
auditory  apparatus  and  to  conduct  sonorous  vibrations  to  the 
tenninal  filaments  of  the  auditory  nerves  and  the  parts  with 
which  they  are  connected. 

J>utrihutwn  of  the  Nerves  in  ^  Zabyrinth. — As  the 

1  BRB9CBXT,  Heeker^m  <matomiqMi$  dphjfMo^iqwM  tmr  Cor^amt  4t  Tottii  il 
mr  VavdUion,  Paris,  1SS6,  pp.  51,  5(1. 
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auditory  nerves  eoter  tlie  internal  auditorr  meatus,  tliey  di- 
vide into  au  anterior,  or  cochlear,  and  a  posterior,  or  vestib* 
nlar  branch.  The  vestibular  branch  divides  into  three  smaller 
branchesj  a  superior  and  anterior,  a  middle,  and  a  posterior 
branch.  The  superior  and  anterior  branch,  tlie  largest  of  the 
three,  is  distributed  to  the  utricle,  the  superior  semicircular  ca- 
nal, and  the  external  semicircular  canal.  The  middle  branch 
is  distributed  to  the  saccule.  The  posterior  branch  passes  to 
the  posterior  semicircular  canah  The  nerves  distributed  to 
the  utricle  and  saccule  penetrate  at  the  points  occupied  by 
the  otoliths,  and  the  nerves  going  to  the  semicircular  canals 
paae  to  the  ampuUee,  which  also  contain  otoliths.  In  each 
ampulla,  at  the  point  where  the  nerve  enters,  is  a  transverse 
fold,  projecting  into  the  canal  and  occupying  about  one-third 
of  lis  ciitjumferenee,  called  the  septum  transvei-sum. 

The  nerves  terminate  in  essentially  the  same  way  in  the 
sacs  of  the  vestibule  and  the  ampullae  of  the  semicircular  ca- 
nals. At  the  points  where  the  nen^es  enter,  in  addition  to 
the  otoliths,  are  oeUa  of  cylindrical  epithelium,  of  various 
forms,  which  pass  gradually  into  the  general  pavement-epi* 
theliura  of  the  cavities.  In  addition  to  these  cells,  are  fusi- 
form, nucleated  bodies,  the  fi-ee  ends  of  which  are  provided 
with  hair-like  processes,  called  fila  acustica.  These  are  about 
-^  of  an  inch  in  length,  and  are  distributed  in  quite  a  regu- 
lar manner  around  the  otoliths.  The  nerves  form  an  anasto- 
mosing plexus  beneath  the  epithelium,  and  probably  termi- 
nate in  the  fusLform  bodies  just  described  as  presenting  the 
fila  acustica  at  their  free  extremities.  In  the  sacs  of  the  ves- 
tibule and  in  the  semicircular  canals,  nei-ves  exist  only  in  the 
macula  acustica  and  the  ampullae. 

The  cochlear  tli vision  of  the  auditory  nerve  breaks  up  into 
numerous  small  branches,  which  pass  through  foramina  at  the 
base  of  the  coclJea,  in  what  is  called  the  tractus  fipiralis  f*»ra- 
minulentus.  These  follow  the  axis  of  the  cochlea  and  pass,  in 
their  course  toward  the  apex,  between  the  plates  of  the  bony 
spiral  lamina.     Between  these  plates  of  bone,  the  dark-bor- 
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dered  nerve-fibres  pass  each  one  through  a  bipolar  cell,  these 
cells  together  fonniiig  a  spiral  ganglion,  known  as  the  gan- 
gliim  of  Corti*  Beyond  thk  ganglion,  the  nerved  fomi  an 
anastomosing  plexus,  and  finally  enter  the  quadrilateral  eanal^ 
or  the  canal  of  Corti.  As  they  i^ms  into  this  canal,  they  sud- 
denly become  pale  and  exceedingly  fine,  and  probably  are 
connected  finally  with  tlie  oi^n  of  Corti,  tliough  their  exact 
mode  of  termination  has  not  yet  been  determinei     The 


Fwi.  17. 


Dtnlrlbntlon  nf  the  co?hlc«r  wrvit  In  the  «pinJ  lamina  of  tli<»  roc^hlMi  (fhM  «fMhMillftlMa  Ite 
rtifht  «Jilfv  *rKi  U  t^n  (Vnm  tU  uiUTO'tDftH^r  ii*rt>.— L  tniuk  of  the  coeblur  Mm «  %%% 

■"    "  '' '   '     ^i)tr*llattiiiia;  ^,H,%  bennLnftl  Mmnnlon  «f  llm  codlldr  11«rr« es- 

vy  tli«  romoral  of  tlie  mptfrlor  plau^  of  tiiv^  laminj»  •plrttti ;  4»  ori' 
c  he  •cttbi  tympftnl  and  lli«  seya  TwUbuli,   ( B AprisY,  TVall^  d*ama- 

coui^e  of  the  nerve-fibres  to  their  distribution  in  the  cochlea 
IB  shown  in  Fig.  17.  21,  Fig.  16,  shows  the  ganglion  of  Corti, 
and  23,  the  point  of  penetration  of  the  nerve  into  the  canal 
of  Corti. 

Orfjan  of  Corti— Of  all  the  parts  contained  within  the 

bony  labyrinth,  the  organ  of  Corti  possesses  the  greatest 
physiological  interest ;  for  it  is  this  oipin  which  is  supposed 
to  receive  the  sonorous  vibrations  and  conunnnicate  them  di- 
rectly to  the  terminal  filaments  of  the  auditory  nerves,     Al- 
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though  this  view  has  not  received  the  support  of  actual  dein- 
onatration,  it  aflfords  an  explanation,  more  or  lesd  plausible, 
of  the  mechanism  of  audition,  carried  to  the  point  of  the 
actual  reception  of  impressions  by  the  nerves.  In  view  of 
this,  it  is  important  to  have  a  clear  comprehengion  of  the  ar- 
rangement of  those  parts  which  are  supposed  to  receive  the 
sonorous  vibrations ;  and  we  shall,  for  the  sake  of  simplicity, 
eliminate  from  our  description  certain  accessory  structures, 
the  functions  of  which  are  obscure. 

In  the  qiuidrilateral  canal,  bathed  in  the  endolympb^ 
throughout  its  entire  spiral  course,  is  an  arrangement  of  pil- 
lars, or  rods,  regular,  like  the  strings  of  a  harp  in  miniature, 
which  are  supposed  to  repeat  the  varied  vibrations  of  sound. 
These  are  the  pillars  of  Corti,' 

The  structures  contained  in  the  quadrilateral  canal  are  so 
delicate  that  their  investigation  presents  great  difficulty ;  but 
the  arrangement  of  the  pillai^s,  or  rods  of  Corti  is  pretty  well 
understocMi  These  pillans  are  external  and  internal,  with  theii* 
bases  attached  to  the  basilar  membrane,  and  their  suumiits 
articulated  above,  so  as  to  form  a  regular,  spiral  arcade,  en- 
closing a  triangular  space,  which  is  bounded  below  by  the 
basilar  membrane.  The  number  of  the  elements  of  the  or- 
gan of  Corti  is  estimated  at  about  3,500,  for  the  outer,  and 
5,200,  for  the  inner  rods,  the  proportion  of  inner  rods  to  the 
outer  being  about  three  to  two.*  The  relations  of  these 
structures  to  the  membranous  labyrinth  are  seen  in  Fig.  16, 
(19).  In  this  figure,  it  is  seen  that  the  internal  pillar,  which 
is  the  shorter  of  the  two,  is  attached  to  the  basilar  membrane 
just  extenial  to  the  point  of  entrance  of  the  nerve  into  the 
quadrilateral  canal.  The  external  pillar  is  longer,  more  deli- 
cate and  rounded,  and  is  also  attached  to  the  basilar  mem- 
brane.   The  form  of  the  pillars  is  more  exactly  shown  in 

'  Corti,  Rfchtrehea  sur  tort^me  de  VtmU:  de»  mammi/h^et,  1851,  p,  IS,  ^  aeq, 
»  PuncHABP,  On  the  8trmiur€  omJ  FtmnHom  of  the  liodt  of  tha  Cochlea  jf« 
JTafi  arui  6ihtr  MammaU. — Proemdingi  of  the  R>^  Society,  London,  187i,  vol 

%JL,  p.  a7i. 
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Figs.  18  and  19,  tlie  latter  figui-e,  however,  exbibiting  otLer 
etructores  which  enter  into  the  constitution  of  the  oi^gan  of 
Corti  It  will  be  remarked  that  a  small  nucleated  body  is 
attached  to  the  base  of  each  piUar,  At  the  summit,  where 
the  internal  and  the  external  pillars  are  joined  together,  is  a 
delicate  prolongation,  directed  outward,  which  is  attached  to 
the  covering  of  the  quadrilateral  canal. 

The  above  description  comprises  about  all  that  is  defi- 
nitely known  of  the  arrangement  of  the  pillars^  or  rods  of 
Corti,  They  are  nearly  homogeneous,  except  when  treated 
with  reagents,  and  are  said  to  be  of  about  the  consistence  of 

Flo,  18. 
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Th*  two  pllUbn  of  Xho  organ  of  Cortl ; 
At  lurterEuU  ntllur  of  Lhft  ovi^i]  of  Ourtt.— 1^  body,  or  middle  pocttoD ;  9^  pcM^Jprlor  extremity, 
or  b«i«;  a,  reU  on  lla  Intc-Tnnl  tide ;  4,  nmerior  coctramlty ;  6,  oodtsk  ■oriboe  by  whldi 
It  Is  joined  to  the  Inttfnial  {lUUr ;  i,  firoloninitioii  of  tliii  extremity. 

B,  lateniAl  pUlv  of  the  orgmi  of  CortL— 1,  bwly.  or  middle  partkni;  S,  poiterior  extremity: 
S,  cell  on  its  exltfoftl  «lde ;  t,  anterior  extremity ;  6^  eoootvo  ■orihce  by  which  U  1«  Joined 
to  tlie  csSeroil  fdllKr;  t,  firolonigfttlQiL,  int^Jpicent  to  thax  of  the  rxternftl  pHlnr. 

C,  The  two  ptUuv  of  tlie  oisin  of  C^irti  tudlM  !>y  tbetr  antorlor  extremity,  aad  Ibrmln^  u  ar- 
oede,  the  «Q(ii»v1i^  of  vrbioh  preeente  outwird.— L,  1,  body,  or  middle  portion  of  the  pU]a««; 
t,  %  potterlor  extremltlee ;  1,  8,  ceUs  titaehcd  t»  tjie  mttrtor  extremitk^i ;  4,  4,  snte- 
rior  cxtKtmlt&N  joined  tofciber;  0,  terralmil  proiongmn  of  this  extremity,  tdu^n, 
TUtiU  d'anaiimi*,  Pftri*.  mi,  lome  111^  p.  &49.r 


cartilage/  They  are  closely  set  together,  with  very  narrow 
spaces  between  them,  and  it  is  difficult  to  see  how  they  can 
be  stretched  to  any  considerable  degree  of  tension.  The  arch 
is  longer  at  the  summit  than  at  the  baae  of  the  cochlea,  the 
longest  rods,  at  the  summit,  measuring  about  y^  of  an  inch, 
and  the  shortest,  at  the  base,  about  -^  of  an  inch.*    As  we 

'  QfmKi  El&nmU  of  Anaiom^^  Londoii,  18Q7,  toI  it,  |x  ?ft5. 

*  The  meMureixientA  giren  bbove  ire  taken  from  »  recent  •rticlo  by  Pritchard, 
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before  remarked,  the  relations  between  the  pillars  and  the 
temiinal  filaments  of  the  auditory  nerves  are  not  definitely 
settled. 

In  addition  to  the  pillars  just  described,  various  cellular 
lement«  enter  into  the  structure  of  the  organ  of  Corti,    The 
lost  important  of  these  are  the  inner  and  the  outer  hair- 
cells.     The  inner  hair-cells  ai-e  arranged  in  a  single  row,  and 
the  outer  hair-cellB,  in  three  rows.    Nothing  definite  is  known 


Fio.  19. 


TerttoftlaMtioitof  tlMomoof  C<«tiof  tlMdQg.  llAgntilfld  600  dkiii«t«f«L 
a-b,  homoKvxieana  kyer  of  the  bftfiUir  iDeinbr«o« ;  e.  tjmpuile  kjcr,  wltb  nucloL  fmnolar  ceW- 
protopltiAtD,  and  ooimeotlTe  tlsfDe;<i,,t7inpuile  Itp  of  tbA  ciiMta  epf/nJlf' ;  r.,  thUkt^ned  por* 
ticmoriho  basflir  HMtiibraae :  d,tp<rKl  TMseh  «,  b1ood'T««««I ;  /  mmdlo  of  c^neA;  t/,  tpl- 
theUuiD :  /.  inner  holr^oell,  with  lU  basllir  prooeta.  k;  t^  hMul-pUto  of  the  inner  piUor;  m^ 
tiJikin  of  thr>  two  pllkr»;  i^  Iaw  of  the  timer  pUlor;  o,  httue  of  tho  outer  pillar;  />,  g,r^ 
oater  hAlr-cellft,  with  tnoc*  of  tho  ciUfl;  t,  b««cB  of  two  other  bilrHBell*;  «,  Fletietn'B  prop- 
cell;  W„  Ittmiiui  retSealArU:  «c,  oerrft-flbre  p«iiln«  to  tho  first  balr-eell,  p.  (WAU)rm, In 
Stbickxx,  Handbvbch  dtr  Uhre  ton  lUn  Gtttetftrk,  Lelpolff,  ISTl,  8.  9m.) 


of  the  function  of  these  cells.  The  relatione  of  these  parte 
are  shown  in  Fig,  19,  which  is  rather  complex,  but,  on  care- 
ful study,  gives  a  good  idea  of  the  arrangement  of  all  of  the 
structures  which  compose  the  organ  of  Corti.    It  is  supposed 

already  refcrr^  to.    At  the  bane  of  the  cochlea,  the  two  eeta  of  rods  Are  ftbout 
eqttal  In  length.     From  the  base  to  the  apci,  both  set^,  outer  and  Itmer^  pro- 
gressirel?  iocrea^e  In  iLiigth,  and  the  outer  rods  become  the  lotiger^  so  that,  uear 
tlie  apex,  they  are  nearly  twice  the  length  of  the  ioiier, 
145 
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by  some  anatomists  that  the  filaments  of  the  auditory  nervei.l 
tenmnate  in  the  eells  above  described ;  but  this  point  k  not 
definitively  settled. 

Funetwna  of  DifermU  Parts  of  the  IrUernal  Ear. 

The  precise  fnnction  of  the  different  parts  which  are 
found  in  the  internal  ear  is  obscure,  notwithfltanding  the  care- 
ful reeearches  that  have  been  made  into  the  anatomy  and  the 
physiology  of  the  labyrinth.  Thei'e  are  several  poinU,  how- 
ever, bearing  upon  the  phyaiology  of  this  part  of  the  audi- 
tory apparatus^  concerning  which  there  can  be  no  doubt : 

First,  it  is  certain  that  impressions  of  sound  are  received 
by  the  terminal  filaments  of  the  auditory  nerves,  and  by 
these  nerves  are  conveyed  to  the  brain. 

Second,  the  functions  of  the  parts  composing  the  external 
and  the  middle  ear  are  simply  aocefisory.  The  sonorous 
waves  are  collected  by  the  pavilion  and  are  conveyed  by  the 
external  meatus  to  the  middle  ear ;  the  membrana  tympani 
vibrates  under  their  influence ;  and  they  are  thus  collected, 
repeated,  and  transmitted  to  the  internal  ear,  imder  the  most 
favorable  conditions  for  producing  a  proper  impression  upon 
the  auditory  nerves. 

In  view  of  these  facta,  we  must  look  to  the  functions  of 
Bemieii*cnlar  canals  and  the  cochlea,  for  an  elucidation  of  the 
problem  of  the  mechanism  of  the  final  process  of  audition ; 
and,  in  doing  this,  we  come  at  once  to  the  question  of  the 
relative  importance  of  different  divisions  of  the  internal  ear, 

FuTu^ions  of  ilie  Semimrmdar  Canals. — In  a  memoir 
pitisented  to  the  French  Academy  of  Sciences,  in  1S24,  Flou- 
reus  detailed  a  number  of  experiments  on  pigeons  and  rab- 
bits, in  which  he  destroyed  different  portions  of  the  internal 
ear.  In  these  experiments,  the  results  of  which  were  very 
distinct,  it  was  shown  that  destruction  of  the  semicircular 
canals  had  apparently  no  effect  upon  the  sense  of  hearing, 
while  destruction  of  the  cochlea  upon  both  sides  produced 
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complete  deafnefls,*    In  addition,  it  was  observed  that  de- 

Btnictiun  of  the  geniieircular  canals  on  both  gidea  was  fol- 
lowed by  remarkable  disturbances  in  equilibration*  The 
animals  could  maintain  the  standing  position^  but,  as  soon  as 
they  made  any  movements,  "  the  he^  commenced  to  be  agi- 
tated ;  and  this  agitation  increasing  w^th  the  movements  of 
the  body,  walking  and  all  regular  movements  finally  became 
impossible,  in  nearly  the  same  way  as  when  equilibrium  and 
stability  of  movements  are  lost  after  turning  several  times  or 
violently  shaking  the  head." '  These  observations  of  Flou- 
rens,  at  least  as  far  as  regards  the  influence  of  the  semicir- 
cular canals  upon  equilibration,  have  been  conlinned  by 
Goltz,  and  are  sustained  by  observations  on  the  human  sub- 
ject in  the  condition  known  as  Meniere's  disease.'  In  some 
more  recent  experiments,  however,  Boettcher  assumes  to  have 
demonstrated  that  the  semicircular  canals  have  nothing  to  do 
with  equilibration;  but  all  of  his  observations  were  made 
upon  frogs,  in  which  deficiency  of  equilibration  and  of  hear- 
ing would  be  very  difficult  to  determine/  As  far  as  we  can 
judge  from  experimental  data,  it  does  not  seem  probable 
that  the  nerves  directly  concerned  in  audition  ai^  distributed 
to  any  considerable  extent  in  the  semicircular  canals.  In- 
deed, the  function  of  these  parts  is  exceedingly  oliscure ;  for 
we  can  hardly  aduvit,  upon  purely  anatomical  groimds,  that 
they  are  concerned  in  the  discrimination  of  the  direction  of 
sonorous  vibrationa,  an  idea  which  has  been  advanced  by 
some  physiologists. 

• 
Fmicihm  of  the  Pai'ts  contained  in  tJie  Cochlea, — There 

can  be  no  doubt  -mXk  regai*d  to  the  capital  point  in  tlie  phys- 
iology of  the  cochlea;  namely,  that  tliose  branches  of  the 

ikw  mrvmasf,  Pana,  1842,  p.  443,  ti  teq. 

^  €p,Ht^p.  446. 

'See  vol  IT.,  NeiToiw  System,  pp.  309,  887, 

*  BoKTTcnxR,  Kriti»che  Bttnerkungm  vnd  nf^«€  BeUr^  mr  LUenfur  dm  £?«» 
laM^ntha.—Dorpater  medidnmhr.  Zeittr^H/i^  Doipftt,  18'^S,  Bd  lil,  8.  lUS. 
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auditory  nerve  which  si^  essential  to  the  sense  of  hearing 
and  ^'hich  receive  the  impressions  of  sound  are  distributed 
mainly  in  the  CiX'hlea,  Wlien  we  come  to  analyze  sonorous  im- 
pressions,  we  find  that  they  poBseas  various  attributes^  such  ba 
intensity,  quality,  and  pitch,  which  have  been  discussed  rather 
fully  under  the  head  of  the  physics  of  sound.  As  far  as 
the  terminal  filaments  of  tlie  auditory  nerve  are  concerned, 
it  13  evident  that  the  intensity  of  sound  is  appreciated  in  pro- 
portion to  the  power  of  the  impression  made  upon  these 
nerves,  and  this  point  does  not  demand  elaborate  discussion. 
With  regard  to  quality  of  sound,  we  have  seen  that  this  is 
due  to  the  form  of  sonorous  \ibrationSj  and  that  most  mu- 
sical tones  are  compound,  their  quality  depending  largely 
upon  the  relative  power  of  the  harmonic^  partial  tonea, 
etc*  We  have  also  seen  that  consonating  bodies  repeal 
by  influence,  not  only  the  actual  pitch  of  tones,  but  their 
quality.  If  there  bo  in  the  cochlea  an  anatomical  arrange- 
ment of  rods  or  fibres  by  which  the  sonorous  vibrations,  con* 
veyed  to  the  ear  by  the  atmosphere,  are  repeated,  there  is 
reason  tu  believe  that  the  quality,  as  well  as  the  pitch,  is  re- 
produced.  NaiTowing  down  the  question,  then,  to  its  most 
interesting  and  important  point ;  viz.,  the  appreciation  of  dif- 
ferences in  the  pitch  of  musical  tones,  we  inquire  whether 
there  be  in  the  cochlea  any  arrangement  by  which  the  pitch 
can  be  repeated.  This  inquiry  can  only  be  answered  by  a 
study  of  the  anatomical  arrangement  of  the  structures  con- 
nected with  the  terminal  filaments  of  the  nerves,  and  the  ap- 
plication of  physical  laws. 

The  arrangement  of  the  ro<ls  which  enter  into  the  stnict- 
ure  of  the  organ  of  Corti  has  afforded  a  theoretical  exi>lana- 
tion  of  the  final  mechanism  of  the  appreciation  of  pitch. 
Until  we  come  to  the  internal  ear,  the  action  of  different 
portions  of  the  auditory  apparatus  is  simply  to  conduct  and 
repeat  sonorous  vibrations ;  and  the  sole  function  of  these 
aooesBory  parts,  aside  from  the  protection  of  the  oi^ns,  is  to 
convey  the  vibrations  to  the  terminal  nervous  filaments- 
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Whatever  he  the  functions  of  the  membrana  tympani  in  re- 
peating sounds  bj  influence^  it  is  certain  tlmt  this  membrane 
possesses  no  true  auditory  nerves,  and  that  the  auditory 
nerves  only  are  capable  of  reeeiving  impressiona  of  sound. 
Thus,  hearing,  and  even  the  appreciation  of  pitch,  is  not 
necessarily  lost  after  destruction  of  the  membrana  tympani ; 
and,  if  sonorous  vibrations  reach  the  auditory  nerves,  they 
will  be  appreciated  and  appreciated  correctly*  With  this 
I)oint  clearly  undei-stood,  we  are  prepared  to  study  the  prob- 
able functions  of  the  oi^n  of  Corti, 

When  we  consider  the  oi^n  of  Corti,  with  its  eight  thou- 
sand or  more  rods  of  different  lengths  arranged  with  a  certain 
degree  of  regularity,  a  number  more  than  sufficient  to  repre- 
sent all  tlie  tones  of  the  musical  scale,  we  are  not  surprised 
'  that  eminent  physiologists  regard  them  as  capable  of  repeat- 
iug  all  the  shades  of  tone  heard  in  music.  Helmholtz  for- 
mularizes  this  idea  in  the  theory  that  tones  conveyed  to  the 
eochlea  throw  into  vibration  those  elements  of  the  organ  of 
Corti  which  are  tuned,  so  to  speak,  in  umson  with  them. 
According  to  this  hypothesis,  the  rods  of  Corti  constitute  a 
harp  of  several  thousand  strings,  played  upon,  as  it  were,  by 
the  sonorous  vibrationa,* 

It  would  be  difficult  to  imagine  any  thing  more  beautiful 
and  simple  than  such  an  hypothesis  as  we  have  just  quoted- 
Attention  and  education  enable  persons  endowed  with  what 
is  called  a  musical  ear  to  discriminate  between  different  tones 
with  great  accuracy.  Experiments  have  shown  that  the  situ- 
ation of  the  actual  appreciation  of  tones  may  be  restricted  to 
the  cochlea ;  and,  in  the  cochlea,  the  only  anatomical  arrange- 
ment, as  far  as  we  know,  which  points  toward  an  apprecia- 
tion of  the  pitch  of  different  tones  is  that  oi  the  rods  of 
Corti.  StUl,  it  must  be  remembei-ed  that  the  cochlea  is  so 
situated  as  to  be  removed  from  the  possibility  of  experi- 
mental investigation  to  prove  the  theory ;  and  we  must  care- 
fully study  the  anatomical  arrangement  of  the  parts  and  the 
>  Hhjoioltz,  The^rie  phym^Uoffique  dt  h  mumqm^  Pam^  ISaS,  p.  18$,  d  uq. 
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possible  application  of  physical  lawe  to  the  supposed  vibra- 
tion of  the  rods.* 

Viewing  the  question  from  its  anatomical  aspect,  it  is  by 
no  means  certain  that  the  rods  of  Corti  are  so  attacJied  and 
stretched  that  they  are  capable  of  separate  and  indiyidual 
vibrations.  It  has  not  been  demonstrated  that  certain  of 
these  rods  vibrate  under  the  influence  of  certain  tones,  or  are 
tmied  in  accord  with  certain  tones.  Ilensen,  who  has  writ- 
ten elaborately  upon  the  very  question  under  consideration, 
denies  the  accuracy  of  the  theory  of  HelmhoUz,  basing  hia 
opinion  upon  the  anatomical  arrangement  of  the  rods  of 
Corti,  and  assumes  that  it  is  a  physical  impossibility  for  the 
different  rods  to  vibrate  individually,  and  that  it  is  not  cer^ 

*  It  ia  a  curious  historical  fact  that  Du  Vcrnej,  in  a  work  first  published  in 
French,  in  1683,  and  afterward  tmnslated  into  Latin,  stated  that  the  filameota 
of  those  auditory  neirea  distributed  upon  the  Immina  itpiralis  were  so  amuiged  ia 
to  recdve  the  varioufl  hnprcasions  made  by  different  musical  tones,  (Du  V»i- 
hTTy  TraeiahiM  de  Organa  AudUm,  Lugd.  BaUv.,  1730,  pp.  28,  29.)  Le  Cat, 
the  first  edition  of  whose  work  on  the  Seofles  was  published  In  17S9,  atoo  td- 
vanecd  the  theory  that  the  cochlea  wa«  the  only  portion  of  the  auditoiy  appat^Uti 
capable  of  apprecta^g  musical  tones.  After  speakini^  of  the  vpstibule  and 
the  semidrcuhir  cod  old  as  the  parts  affected  by  irregular  sonorous  vibrations,  he 
states  that  the  cochlea  has  a  more  delicate  function : 

**  The  design  of  this  construction  is  of  the  most  perfect  mechanism.  The 
essential  office  of  an  organ  of  sense  is  proportionate  to  il^  object^  and,  for  the 
organ  of  hearing,  it  is  the  capacity  of  being  in  unison  with  the  different  vibro- 
tlons  of  the  air ;  these  rib  rations  have  infinite  differences  ;  their  progression  is 
fiosceptible  of  infinitelj  small  d^ees.  An  organ,  then,  is  neee^sarj,  which  ta 
made  in  unison  with  all  these  vibrations,  and,  in  order  to  receive  them  dis- 
.  tinctly,  should  be  composed  of  parts,  the  elssticity  of  which  follows  this  same 
progression,  insensible^  or  infinitely  tmsll  The  spiral  in  mechanics  is  the  only 
apparatus  adapted  to  give  this  inseasible  gradation.'* 

Farther  on,  I^e  Oat  States  that,  ^*  whatever  division  may  be  concdved  of  in 
tones,  there  is  none  which  does  not  meet,  in  points  of  this  spiral,  with  its  unison, 
or  its  equal  vibration,  thus  there  is  no  tone  which  cannot  distinctly  impart  its 
vibration  to  this  spiral ;  and  in  this  consists  the  grand  design  of  the  cochlea. 
This  i«i  why  I  regard  the  cochlea  as  the  sanctuary  of  audition,  as  the  special 
organ  of  harmonv,  or  of  the  most  distinct  and  the  most  delicate  sensation  of 
this  kind."  (Lii  Cat,  Dmiii  det  tfrntatioTts,  eU\  Paris,  1767,  tome  il,  pp,  281, 
282.)  The  above  b  simply  the  theory  of  Helmholtz,  wanting  the  exact  onA- 
tomicol  and  physical  detoUs  developed  by  modem  researches  and  experhmnits. 
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tain  that  they  are  ttined  in  accord  with  different  tones.    Hen- 
sen  makes,  on  this  point,  the  following  statement : 

"  It  is  now  my  convictionj  that  hy  the  hypotheais  *  more 
and  more  coTToborated '  that  the  fibres  of  Corti  constitute  the 
organ  of  the  labyrinth  toned  to  the  appreciation  of  tones, 
onr  comprehension  and  the  investigation  of  the  internal  eac 
have  taken  a  false  direction. 

"  I  assert,  next,  that  the  rods  of  Corti  cannot  play  the 
important  part  in  the  appreciation  of  tones,  which  has  been 
attributed  to  them  in  the  h>^the8is  of  Helmholtz,"  * 

It  is  pretty  evident  that,  although  the  theory  of  Helm- 
holtz  is  undoubtedly  the  only  one  affording  any  reasonable 
explanation  of  the  appreciation  of  tones,  it  lacks  positive 
anatomical  confirmation.  And,  farthermore,  we  do  not  even  * 
know  the  anatomical  connections  between  the  rods  of  Corti 
and  the  filaments  of  the  auditory  nerves. 

In  view  of  the  considerations  just  given,  we  have  simply 
recited  the  theoiy  of  Du  Veraey,  Le  Cat,  and  Helnilioltz^  as 
one  which  may  or  may  not  be  sustained  hereafter  by  more 
exact  researches;  but  at  present  it  must  be  acknowledged 
that  there  is  no  more  satisfactory  explanation  of  tho  mech- 
anism of  the  final  appreciation  of  musical  tonm. 

Summary  of  fAe  Mechanism  qf  Axidition, 

The  waves  of  sound  are  simply  collected  by  the  pavilion 
of  the  ear  and  are  conveyed,  through  the  external  meatus,  to 
the  membrana  tjTnpani.  The  membrana  tympani,  a  delicatei 
rounded,  concave  membrane,  receives  these  waves  and  is 
thrown  into  vibration. 

The  arrangement  of  the  bones  and  muscles  of  the  middle 
ear  admits  of  variations  in  the  tension  of  the  membrana 
tympani.  By  increasing  the  tension  of  this  membrane,  the 
ear  may  be  rendered  insensible  to  grave  sounds,  while  high- 

•  He5SKK,  ^peritnmUlU  Siuditn  lur  J^^MoffU  d6%  Gehorffam^  v^n  Dll. 
Sc^MTDfLEAM  mii  Zu9dtsen  von  Db.  Hxksxx. — Arh^Uen  aua  den  Eider  pkynoloffi' 
§ekm  IntHtut,  Kiel,  1669,  S.  181* 
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pitched  Bounds  become  more  intense  j  and,  in  cases  of  volna- 
tary  tension,  tlie  limit  of  perception  of  high  tones  may  be 
greatly  increased.  The  membrana  tympani  obeys  the  laws 
of  consonance  and  vibrates  strongly  under  the  influence  of 
sounds  in  unison  or  in  harmony  with  its  fimdamental  tone, 
retumingj  in  this  way^  not  only  the  pitch,  but  the  quality  of 
tones  and  combinations  of  tones  in  harmony.  Destruction 
of  the  membrane  does  not  necessarily  of  itself  destroy  hear- 
ing, or  even  the  appreciation  of  tones,  for  the  impressions 
may  be  conducted  to  the  cochlea  by  the  chain  of  ossicles. 

The  arrangement  of  the  ossieleB  and  muscles  of  the  middle 
ear  is  such  that  contraction  of  the  tensor  tympani  renders  the 
articulations  firm,  tightens  the  little  ligaments,  and  presses 
the  stapes  against  tlie  liquid  of  the  labyrinth,  so  that  the 
chain  resembles,  in  its  action,  a  solid  and  continuous  bony 
rod.  By  this  arrangement,  the  sonorous  vibrations  are  con- 
ducted to  the  labyrinth  with  very  little  loss  of  intensity. 

The  cavity  of  the  tympanum  is  filled  with  air,  communi- 
cates with  the  mastoid  ceUs,  and  with  the  pharynx  by  meauB 
of  the  Eustachian  tube ;  and,  by  this  means,  the  pressure  of 
air  in  its  interior  is  regulated.  The  labyrinth,  consisting  of 
the  vestibule,  semicircular  canals,  and  cochlea,  is  filled  with 
liquid,  and  the  different  cavities  communicate  with  each 
other.  The  vibrations,  repeated  by  the  membrana  tympani, 
are  conveyed  by  the  chain  of  bones  to  the  liquid  of  the 
labyrinth,  and  by  it  to  the  terminal  filaments  of  the  auditory 
nerves. 

The  vestibule  and  semicircular  canals  seem  to  possess 
much  less  importance  in  the  appreciation  of  sound  than  the 
cochlea.  In  the  cochlea,  throughout  the  entire  extent  of  the 
spiral  canal,  is  the  organ  of  Corti,  presenting,  among  other 
Btructures,  about  8,700  rods,  varying  in  length,  called  the 
rods  of  Corti.  But  little  is  known  of  the  anatomical  rela- 
tions between  the  auditory  nerves  and  the  oi^n  of  Corti ; 
still,  it  is  thought,  as  a  matter  of  pure  theoi-y,  that  the  rods 
of  Corti  are  timed  in  unison  with  different  tones,  that  they 
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repeat  the  tones  conveyed  to  the  cochlea,  and  that  we  are 
thus  enabled  to  distinguish  the  different  tones  in  music. 

We  have  no  very  definite  knowledge  of  the  functions  of 
the  cells  of  the  organ  of  Corti,  of  the  otoliths,  and  of  various 
other  structures  in  the  auditory  apparatus.  Sounds  may  be 
conducted  to  the  auditory  nerves  through  the  bones  of  the 
head  and  the  Eustachian  tube,  as  is  shown  by  the  simple  and 
familiar  experiment  of  placing  a  tuning-fork  in  vibration  in 
contact  with  the  head  or  between  the  teeth. 


CHAPTER  X. 


GUSTATION. 


Savory  substances — ^Relations  between  gustation  and  olfaction ;  taste  and  flavor 
— ^Modifications  of  the  sense  of  taste — ^Nerves  of  taste— Chorda  tjmpani — 
Facial  paralysis  with  impairment  of  taste — Paralysis  of  general  sensibility 
of  the  tongue  without  impairment  of  taste — Glo8so-phar3mgeal  nerve  (first 
division  of  the  eighth)— Physiological  anatomy — General  properties  of  the 
glosso-pharyngeal — ^Relations  of  the  glosso-pharyngeal  nerves  to  gustation 
— Differences  in  the  properties  of  different  portions  of  the  gustatory  oi^gan 
— ^Mechanism  of  gustation — ^Physiological  anatomy  of  the  organ  of  taste— 
Papillss  of  the  tongue — ^Taste-buds,  or  taste-beakers — Connections  of  the 
nerves  with  the  organs  of  taste. 

The  special  sense  of  taste  enables  ns  to  appreciate  what  is 
known  as  the  savor  of  certain  substances  introduced  into  the 
mouth ;  and  this  sense  exists,  in  general  terms,  in  parts  sup- 
plied by  filaments  from  the  lingual  branch  of  the  fifth  and 
the  glosso-pharyngeal  nerves. 

It  is  somewhat  difficult  to  define  precisely  what  is  meant 
by  savory  substances.  The  word  savory  is  frequently  used 
so  as  to  include  the  quality  of  odor ;  and,  indeed,  the  senses 
of  gustation  and  olfaction  are  quite  closely  connected.  Al- 
most all  substances  that  affect  the  sense  of  taste  possess  a 
certain  odor,  and  taste  and  smell  are  thus  simultaneously  im- 
pressed. Medicinal  articles  of  a  disagreeable  taste  may  some- 
times be  swallowed  without  making  a  very  disagreeable  im- 
pression, if  the  nares  be  closed.  Again,  when  the  nares  are 
closed  or  when  the  sense  of  smell  is  rendered  obtuse  by  an 
affection  of  the  Schneiderian  membrane,  it  is  difficult  to  dis- 
tinguish delicate  shades  of  flavor,  as  the  differences  in  wines. 
This  is  a  matter  of  common  observation  and  remark.     There 
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are,  also,  certain  articles  which  have  a  repulsive  odor,  the 
taste  of  which  is  not  disagreeable,  such  as  some  varieties  of 
old  ebeeae.  As  a  rule,  however,  articles  agreeable  to  the 
taste  possess  an  agreeable  odor,  and  the  senses  of  taste  and 
smell  are  not  easily  separated  from  each  other.  These  facts 
have  led  to  a  distinction,  which  canDot,  however,  be  always 
made  with  accuracy,  between  true  tastes  and  flavors.  It  ia 
assumed,  by  some  physiologists,  that  the  true  tastes  are  quite 
simple,  presenting  the  qualities  w^hich  we  recognize  as  sweet, 
add,  saline,  and  bitter;  while  the  more  delicate  shades  of 
what  are  called  flavors  nearly  always  involve  olfactory  iin- 
presdons,  wliich  it  is  diflicult  to  separate  entirely  from  gusta- 
tion. We  have  already  incidentally  alluded  to  this  point  in 
treating  of  olfaction,  and  have  cited  cases  of  loss  of  the  sense 
of  smell  with  no  impairment  of  what  we  have  just  described 
as  true  taste,  but  a  loss  of  power  of  appreciating  flavors/ 

If  we  apply  the  terra  savor  exclusively  to  the  quality 
which  makes  an  impression  upon  the  sense  of  taste,  we  rec- 
ognize that  the  sensation  is  special  in  its  character,  and  dif 
ferent  from  the  tactile  sensibility  of  the  parts  involved  and 
from  the  sensation  of  temperature.  The  terminal  filaments 
of  tlie  gustatoiy  nerves  are  impressed  by  the  actual  contact 
of  savory  substaneee,  which  must,  of  necessity,  be  soluble. 
To  a  certain  extent,  there  is  a  natural  dassificMion  of  savors, 
some  of  which  are  agreeable,  and  others  disagreeable ;  but 
even  this  distinction  is  modified  by  habit,  education,  and  va- 
rious other  circumstances.  Articles  that  are  unpleasant  in 
early  life  often  become  agreeable  in  later  yeurs.  Inasmuch  as 
the  taste  is,  to  some  extent,  an  expression  of  the  nutritive 
demands  of  the  system,  it  is  found  to  vary,  under  different 
con<litions.  Chlorotic  females,  for  example,  frequently  crave 
the  most  unnatural  articles,  and  these  morbid  tastes  may  dis- 
appear under  appropriate  treatment.  Inhabitants  of  the 
frigid  zones  seem  to  crave  fatty  articles,  and  will  even  drink 
fandd  oils  with  avidity.    Patients  often  become  accustomed 

^  Set*  puge  39* 
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to  the  most  disagi-eeable  remedies  and  take  tliein  without  re- 
pugnance. Again,  the  mo&t  savory  dishes  laay  even  excite 
diBgust,  when  the  sense  of  taste  has  become  cloyed,  while  ab- 
fitinence  sometimes  lends  a  delicious  flavor  to  the  simplest 
articles  of  food*  The  taste  for  certain  articles  is  ceitainly 
acquired,  and  this  is  almost  always  true  of  tobacco,  now  so 
largely  used  in  civilized  countries^ 

Any  thing  more  than  the  simplest  elaagifieation  of  savors 
is  difficult,  if  not  impossible.  We  recognize  that  certain 
articles  are  bitter  or  sweet,  empyreumatic  or  insipid,  acid  or 
alkaline,  etc.,  but,  beyond  these  simple  distinctions,  the  shades 
of  distinction  are  closely  connected  with  olfaction  and  are  too 
delicate  and  numerous  for  detailed  description.  Many  per- 
sons are  comparatively  insensible  to  nice  distinctions  of  taste, 
while  others  recognize  with  facility  the  most  delicate  differ- 
ences. Strong  impressions  may  remove,  for  a  time,  the  ap- 
preciation of  less  powerful  and  decided  fl^avors.  The  tempt- 
ing of  the  appetite  by  a  proper  gradation  of  gustatory  and 
odorous  impressions  is  illustrated  in  the  modem  cumne^ 
which  aims  at  an  artistic  combination  and  succession  of  dishes 
and  wines,  so  that  the  agreeable  sensations  are  prolonged  to 
the  utmost  limit.  This  may  often  be  regarded  as  a  violation 
of  strictly  hygienic  principles^  but  it  none  the  lesa  exempli* 
fies  the  cultivation  of  the  sense  of  taste. 

In  discussing  the  physiology  of  taste,  we  shall  avoid  an 
elaborate  and  artificial  classification  of  savory  articles,  and 
use  the  terms  sweet,  acid,  bitter,  etc.,  as  they  are  commonly 
understood.  We  shall  first  describe  the  physiological  anat- 
omy and  properties  of  the  gustatory  nerves,  and  then  con- 
sider the  mechanism  of  gustation,  the  special  organs  of  taste, 
and  the  probable  mode  of  connection  between  the  organs  of 
taste  and  the  nerves. 


Nerves  of  Taste, — Two  nerves,  the  chorda  tympani  and 
the  gloaso-pharyngeal,  preside  over  the  sense  of  taste.  These 
nerves  seem  to  be  distributed  to  distinct  portions  of  the  gus- 
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tatory  apparatus  and  to  have  somewhat  diffei-ent  functions. 
The  chorda  tympani  has  already  been  referred  to  as  one  of 
the  branches  of  the  facial  j '  the  glog8C»-pharyngeal,  one  of  the 
nerves  of  the  eighth  pair,  has  not  yet  been  described^ 

Chorda  Ti/mjxinL — ^In  the  description  we  have  given  of 
the  facial^  the  chorda  tympani  is  spoken  of  as  the  fourth 
branch.  It  passes  through  the  tympanum,  between  the  ossicles 
of  the  ear,  and  joins  the  inferior  maxillary  division  of  the 
fifth,  at  an  acute  angle,  between  the  two  pterygoid  muscles, 
becoming  so  closely  united  with  it  that  it  cannot  be  followed 
farther  by  ordinary  dissection.  It  is  irapossible  to  determine 
with  certainty  from  what  root  the  filaments  of  this  branch 
derive  their  origin,  whether  from  the  main  tnmk  or  the  in- 
termediaiy  nerve  of  Wrisberg ;  but  experiments  have  shown 
that  it  poesesses  functions  entirely  distinct  from  those  of  the 
other  branches  of  the  facial  The  lingual  branch  of  the  in- 
ferior  maxillary  division  of  the  fifth  has  been  called  the  gus- 
tatory bmnch  ;  but  tiiis  is  an  error ;  for,  as  we  sliall  see,  tlie 
fifth  has  nothing  to  do  with  gustation,  except  that  it  is  joined 
with  filaments  of  the  chorda  tympani,  which  reach  the  tongue 
through  the  lingual  branch. 

As  regards  the  course  of  the  filaments  of  the  chorda  tym- 
pozu  after  this  nerve  has  joined  the  fifth,  there  can  be  no 
doubt,  both  from  the  effect  upon  taste  foUow^ing  its  division,* 
and  the  alteration  of  the  nerve-fibres.  Yulpian  and  Pi-evost,* 
by  the  so-called  Wallerian  method,  after  dividing  the  chonia 
tympani,  found  degenerated  fibres  at  the  terminations  of  the 
lingual  branch  of  the  fifth  in  the  raucous  membrane  of  the 
tongue,  the  fibres  l.»eing  examined  ten  days  or  more  after  the 
section.  It  is  well  known  that,  a  number  of  days  after  the 
section  of  a  nerve,  its  fibres  of  tlistribution  undei^  change, 

'  See  Tol  iv.,  Nervoas  SjBtem,  p.  1-49,  €i  teq, 

'  VcLFiur,  £tud€»  mr  Pappareil  vam^motrur* — Eevut  ^Hmt^fiquey  Paris,  1878, 
j»  »6rie,  tome  iiL,  p,  170, 

*  'BtiXvosT,  XouvflUs  ap&riend^  rdativti  mtts  foneHem  ffutikiHtm  du  nft/  lUi' 
guoL-^Arehiifet  de phytiotn^t,  Paris,  1878,  tome  r.,  p.  86S. 
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and  these  obaerrations  le&ve  no  doubt  of  the  fact  that  the 
chorda  tympani  is  really  distributed  to  the  lingual  mucoufl 
membrane.  Obserrations  on  the  sense  of  taste  show  that 
the  chorda  tympani  is  distributed  to  about  the  anterior  two- 
thirde  of  the  tongue. 

The  general  pi-operties  of  the  chorda  tympani  have  only 
been  ascertained  by  observations  made  after  its  paralysis  or 
diTision.  All  experiments,  in  which  excitation  has  been  ap- 
plied directly  to  the  nerve  in  living  animals,  have  been  nega* 
tive  in  their  results.  Longet  states  that,  when  the  nerve  has 
been  isolated  as  completely  as  possible,  and  all  reflex  action  is 
excluded,  its  galvanization  produces  no  movement  in  the 
tongue.' 

For  a  long  time,  the  lingual  branch  of  the  inferior  maxil- 
lary division  of  the  fifth  has  been  regarded  as  a  nenre  of 
taste,  and  has  been  called  the  giistatoiy  branch.  In  1786, 
Caldani  noted,  in  an  affection  of  the  fifth  pair,  called  **  cynic 
spasm,"  loss  of  the  sense  of  taste,'  In  ISIS,  Bellingeri  dis- 
cossed  the  question  whether  the  sense  of  taste  in  the  tongue 
was  derived  from  proper  tikments  of  the  fifth  pair  or  from 
filaments  passing  to  the  fifth  from  the  seventh  by  the  chorda 
tympani,  and  came  to  the  conclusion  that  the  gustatory  sense 
was  due  to  the  filaments  of  the  chorda  tympani/  In  1821, 
Prnfcssor  Roux  described  hie  own  c^se  of  paralysis  of  the 
facial,  and  noted  that  *^  the  sense  of  taste  was  affected  in  the 
right  side  of  the  tongue,  so  that  every  thing  tasted  metallic ;  * 
but,  in  this  observation,  no  mention  was  made  of  the  chorda 
tympani.  In  1831,  Montault  noted  loss  of  taste  in  deep  palsy 
of  the  facial  and  explained  it  by  indicating  an  affection  of 
the  chorda  tympani.*    Since  that  time,  it  has  been  established 

»  LosfGXT,  TraU^  deph^olo^^  P^rij,  1869,  tome  iii*,  p.  661,  note. 

*  Caliiani,  Imiiiutiont9  Fhyn^>hffiea,  Vcnetiia,  178«,  p.  1«8. 

*  BuLLixoREi,  DmeriaHo  InauguraiU^  QuinH^  et  Sffpiimi  PaHa  F^tnetionet^ 

1818,  p,  no. 

*  Bku.,  Tfte  KerwiUi  Si^em  of  th9  Bwnan  Body^  London,  1S44,  p.  829. 

*  MONUULT,  DuaeHaUon  m^r  *rhhn^pl4f^/aeiak,  Thke,  No.  800,  FuU,  1681, 
Pi  Si. 
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beyond  question  that,  in  cases  of  facial  paUy  in  wliich  the 
lesion  affects  the  root  so  deeply  as  to  involve  the  chorda  tym- 
panic there  is  loss  of  taste  in  the  anterior  two-thirds  of  the 
tongne,  tactile  senBibility  being  unaffected.  Cases  illnstrating 
this  fact  have  been  cited  by  Stich/  Bemai-d,*  Lusanna/  Bazire,* 
and  many  others.  In  another  rolume,  we  have  given  tlie  re- 
port  of  a  case  of  facial  pandysis  produced  by  a  gunshot- 
wound  through  the  head,  in  which  we  observed  that  the  sense 
of  taste  was  entirely  abolished  in  the  anterior  portion  of  the 
tongue  on  the  affected  side,* 

Aside  from  cases  of  paralysis  of  the  facial  with  impair- 
ment of  taste,  in  which  the  general  sensibility  of  the  tongue 
is  intact,  numerous  instances  are  on  record  of  affections  of 
the  fifth  pair,  in  which  the  tongue  is  absolutely  insensible  to 
ordinary  impressions,  the  sense  of  taste  being  preserved.  A 
number  of  such  cases  have  been  reported  by  Schiff,'  Lusanna,* 
and  others ;  and  show  conclusively  that  the  fifth  pair  prerides 
over  general  sensibility  only,  and  that  it  is  not  a  gustatory 
nerve,  except  by  virtue  of  filaments  derived  from  the  chorda 
tympanic 

Paesing  from  the  consideration  of  pathological  cases  to 
experiments  upon  living  animals,  the  results  are  equally  satis- 
factory.   Although  it  is  somewhat  difficult  to  observe  im- 

^  Sticb,  Jkitriifft  zur  Kennlnitt  der  Chorda  h/mpani — Atmalen  det  ChariU- 
Krankmhtwicn^  elc.^  m  Berlin^  Berlin^  1857,  Bd.  Tiil^  S.  BS>,  el  mq, 

'  Bernard,  £efon§  tur  ta  phjfaioioffU  «f  ia  patholope  du  sytUme  nenmis^^  Ftri^, 
1858,  ioxnc  iL,  p.  120,  tt  9eq, 

*LcaA2fXA,  Rccherthet  txphimerUaln  H  obtcrvathnM  jtatkd^figueM  tur  ki  fur/§ 
db  fftntt. — Archive*  de  phjftidogie^  Paris,  1809,  tome  iL,  p.  20,  «<  i«^. 

*  Baztrx,  CV«e  0/  Facial  PartUytit^  with  Jmpaimierd  of  TtuU  and  AeomdU 
ffjptrmthema  on  the  tamt  9uk  as  the  Faralym. — QuarUrlif  Journal  of  JFliycha* 
^^katMididw,  New  York,  18<J8,  vol  lu,  p,  186. 

*  See  vol.  Ir,,  Nerroud  System,  p.  157,  where  we  h*Te  g^eii  foil  detuU  of 
this  case. 

*  Bcnurr,  Ztfctu  ntr  la  ph^iohffie  de  la  diffutUm^  Florence  et  Turin,  1867, 
tome  i,  p.  lOS,  ti  $fg. 

^  LrsANNA,  A9tir  la  ner/$  du  go^, — Architm  dt  phj^Hohffie^  P&ns,  1871-*7S, 
tome  iv.,  p.  151,  rf  teq. 
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pairment  of  taste  in  animals,  Bernard  and  others  have  suc- 
ceeded in  training  dogs  and  cats  so  as  to  observe  the  effects 
of  oolocynth  and  Tarions  gapid  substances  applied  to  the 
tongoe.  In  a  great  number  of  esperunents  of  this  kind, 
made  by  Bernard,*  Schiff,'  and  La8ami%*it  has  been  observed 
that,  after  section  of  the  chorda  tympani,  or  of  the  facial  aa 
as  to  involve  the  chorda  tympani,  the  sense  of  taste  is  abal- 
iabed  in  the  anterior  two-thirds  of  the  tongue  on  the  side  of 
the  section.  However  this  result  may  be  explained,  the  fact 
remains,  that  section  of  the  nerve  in  the  lower  animals  is 
followed  by  the  same  results  as  those  observed  in  pathological 
observations.  In  a  remarkable  case  reported  by  Moos,*  the 
introduction  of  an  artificial  membmna  tympani  was  followed 
by  loss  of  taste  upon  the  corresponding  side  of  the  tongue, 
and  upon  both  sides,  when  a  membrane  was  introduced  into 
each  ear.  This  disappeared  wlien  the  membranes  were  re- 
moved, and  the  phenomena  were  referred  to  pressure  upon 
the  chorda  tympani.  Experimenters  are  somewhat  at  vari- 
ance with  regard  to  the  effects  observed  upon  animals,  some 
asserting  that  the  sensations  of  taste  are  simply  delayed  in 
their  manifestation  ;  but  we  must  remember  the  difficulty  of 
such  observations,  and  we  are  to  rely  mainly  upon  the  nnmis- 

I  Bkrkaro,  Sjftthne  nfrveu£^  Pans,  1858,  tome  iL,  p,  122. 

*  ScHjfT,  Difftatum^  Florence  et  Turin,  1867,  tome  I,  p.  1S8. 

*  LusiLNKAf  BeehercJua  es^th'tmenialea  H  ohtervafions  pathohffiques  tur  In  nerfk 
du  gouL — Archive*  de  phiftiologie^  Paris,  1860,  tome  ii.,  p.  201 « 

In  fiome  of  the  experiments  referred  to,  it  if  et&tod  tb&t  the  gntUtory  Un- 
presalon  Is  retarded  and  not  entirely  dcatrojed.  This  ia  explained  on  the  ffappo* 
tition  that  gectioo  of  the  nerve  renders  the  mucous  membrane  drr,  and  that  the 
action  of  lapid  eubstaaces  is  thereby  dfikjed;  but  it  ia  equal! j  reasonable  to 
mppoao  that,  after  a  time,  the  artidea  ire  diitued  and  hnpresa  branches  of  the 
ifLoMo-pharjmgeaL 

^  MbOB,  Aiteraiiohs  of  T<uU  and  SamhUii^  in,  ihs  Tonffu^  hy  the  Applicaiion 
of  am  AH\fieitd  Tympanum  in  a  CaH  ^f  Large  Per/oraiioTU  in  both  Memhnmm 
yympanL — Archivtt  of  OpMhalmoioffg  and  QUilogy^  New  York,  1869,  vol  L,  pw 
140,  H  9fq, 

Tlie  ffjTnptoma  in  thia  case  are  rather  indefinitoW  described  by  the  patieoty 
and  no  rerj  accurate  observations  were  made.  The  patient  also  noted  tome  in^ 
terferenoe  with  the  general  aenfiibiUtj  of  the  tongue. 
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takable  pheBoniena  noted  in  cases  of  affection  of  the  chorda 
tympani  in  the  human  subject. 

It  seems  tolerably  certain,  first,  that  the  gustatoiy  fila- 
ments of  the  lingual  branch  of  the  fifth  are  derived  exclu- 
sively from  the  chorda  tympani ;  second,  that  the  chorda 
t}Tnpani,  viewed  as  a  gustatory  nerve,  is  really  a  branch  of 
the  facial ;  third,  that  many  cases  of  paralysis  of  the  entire 
large  I'oot  of  the  fifth,  in  the  human  subject,  present  loss  of 
general  sensibility  in  the  tongue  and  no  alteration  of  taete ; 
and  fourth,  that  paralysis  of  the  facial,  behind  the  origin  of  the 
chorda  tympani,* is  attended  with  loss  of  taste  in  the  anterior 
two-thirds  of  the  tongue,  without  any  affection  of  the  general 
sensiliility  of  this  organ. 

We  have  made  the  above  statement  with  all  the  necessary 
qualifications,  and  with  an  appreciation  of  the  value  of  the 
various  experiments  bearing  uixin  the  question.  It  is  fair  to 
say  that  section  of  the  fifth  at  or  near  the  ganglion  of  Gasser 
is  said  to  abolish  the  sense  of  taste  in  the  anterior  portion  of 
tlie  tongue,  as  well  as  tlie  geneml  sensibility  ;  but  it  must  be 
remeraliered  that  it  is  difficult  to  make  observations  on  the 
eense  of  taste  in  the  lower  animals,  especially  after  paralysie 
of  sensation  in  the  tongue ;  and  that  numerous  cases  are  on 
record,  to  which  we  have  already  referred,  in  which,  iu  the 
human  subject,  geneml  sensibility  in  the  tongue  was  absent, 
the  sense  of  taste  remaining.  On  the  other  hand,  in  certain 
cases  of  paralysis  of  the  facial,  the  sense  of  tast^  is  a1:>sant, 
while  general  sensibility  is  intact.  In  view  of  this  fact,  we 
cannot  admit  the  proposition  of  Schiff,  that  the  gustatory 
nerves  of  the  anterior  portion  of  the  tongue  emerge  from 
the  eneephalon  with  the  roots  of  the  fifth**  As  regards  tlie 
mechanism  of  the  action  of  the  chorda  tympani  in  gustation, 
we  cannot  adopt  the  view  of  Bernard,*  that  it  acts  as   a 

*  SfHiFF^  LeponM  wur  la  phtfldoloffU  dt  la  digeiftion^  Florence  et  Turin,  186V, 
totne  U  p.  140 ;  and»  Ntu«  Untermfhftngfn  Ufur  rfw  Oetehnuiktnervm  da  pawfo- 
ren  Thtilrt  dtr  Zungt. — Unitrwchunfftn  tur  Naturlehre,  elc.,  GieMeUi  1870^  Bd. 
».,  &  406,  et  §0q, 

»  B£R!fi.RD,  StfHhne  nenmtx,  Paris,  IS^S,  Xome  il,  p.  111. 
140 
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motor  nerve — probably  tlirougb  the  salivary  glands — in  moist- 
ening the  gustatory  membrane. 

As  we  have  already  remarked,  it  is  difficult  to  determine 
the  exact  origin  of  the  tilaments  of  the  chorda  tympanic 
They  may  eome  from  the  root  called  the  nerve  of  Wrisberg, 
but  this  has  not  l>een  pobitively  established,  either  anatomi- 
cally or  physiologically ;  but  the  course  of  the  nerve,  after  it 
has  joined  the  lingual  branch  of  the  fifth,  is  sufficiently  clear, 
as  we  have  seen.  Schiif,  who  supposes  that  tlie  filaments 
presiding  over  the  sense  of  taste  are  derived  originally  from 
the  fifth,  assumes  that  these  filaments  '^  emerge  from  the 
cmnium  wnth  the  second  branch  of  this  nerve,  ent^r  the 
spheno-palatine  ganglion,"  and  then  pass  to  the  third  branch 
by  a  course  which  is  as  yet  undetennined.*  If  this  be  the 
fact,  and  the  idea  is  based  chiefly  upon  phvKiological  grounds, 
extirpation  of  the  spheno-palatine  ganglia  should  abolish  the 
sense  of  taste  in  the  anterior  portion  of  the  tongue.  Al- 
though the  operation  of  removal  of  both  these  ganglia  is 
difficult,  this  has  been  done  successfully  by  Prevost,  who 
denies  that  such  a  mutilation  has  any  eflFect  upon  gustation,* 

Aa  a  summaiT  of  our  knowledge  regarding  the  gustatory 
properties  of  the  anterior  two-thirds  of  the  tongue,  certainly 
in  tiie  himian  suliject,  it  may  be  stated  without  reserve,  that 
these  properties  depend  upon  the  chorda  tynipani,  its  gusta- 
tory filaments  being  derived  from  the  facial,  and  taking  their 
eounse  to  the  tongue  w^ith  the  lingual  Lnmeh  of  the  inferior 
maxillary  division  of  the  fifth.  In  addition,  the  lingual 
branch  of  the  fifth  contains  filaments,  derived  from  the  large 
root  of  this  nerve,  which  endow  the  mueoQa  membrane  with 
general  sensibility. 

Glmeo-Phary-ngeal  {First  Division  of  the  Eighth). — The 
glosso-pharj^ngeal  is  distributed  to  those  portions  of  the  gii&* 

*  ScnirF,  IHfff9ti(m^  Florence  et  Turin,  18AT,  tome  L,  p.  140, 
'  Pii£V(tST,  Kmtpfdlef  exphimum  rdativtt  atat  fontiioru  tftittalit*^  du  mrf  flvK 
ffual,^ArchUf€§  (k ph^dolo^t  YtaiOt  1873,  tame  t.,  p,  S67< 
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tatoiy  mucous  membrane  not  supplied  by  filaments  from  the 
chorda  tvmpani.  It  is  undoubtedly  a  nerve  of  taste ;  and 
the  question  of  its  other  functions  will  be  fully  considered  in 
connection  with  its  general  properties,  as  well  as  the  differ- 
ences between  this  nen^e  and  tlie  chorda  tympanic  We  hav^e 
mentioned  this  nerve  in  another  volume  aa  the  first  division 
of  the  eighth  paii',  according  to  the  classification  of  Willis, 
but  have  to  ti-eat  of  its  physiological  anatomy  in  this  connec- 
tion, as  its  most  important  function  is  in  connection  with 
gustation. 

Phyd6logio(d  Anaiomy. — ^The  apparent  origin  of  the 
gloBBO-pharyngeal  is  from  the  groove  between  the  lateral 
tracts  of  the  medulla  oblongata  and  the  inferior  peduncle  of 
the  cerebelhmi,  between  the  roots  of  the  auditory  nerve 
above  and  the  pneumogastric  below.  A  number  of  its  fila- 
ments of  origin  come  from  the  medulla  and  a  portion  from 
the  peduncle.  The  deep  origin  is  nearly  the  same  as  that  of 
the  pneuDiogastric,  its  filaments  arising  primarily  from  the 
gray  substance  of  the  medulla  oblongata.*  From  this  origin, 
the  filaments  pass  forward  and  outward  to  the  posterior  fora- 
men laeerum,  which  the  nerve  enters  in  compimy  with  the 
pneumogastric,  the  spinal  accessory,  and  the  internal  jugular 
vein.  At  the  upper  portion  of  the  foramen,  is  a  small  gan- 
glion, the  jugidar  ganglion,  including  only  a  portion  of  the 
root.  Within  the  foramen,  is  the  main  gangHon,  including 
all  of  the  filaments  of  the  trunk,  called  the  petrous  ganglion, 
or  the  ganglion  of  Andersch,  after  the  anatomist  by  whom  it 
was  first  descTibed.* 

At  or  near  the  ganglion  of  Andersch,  the  nerve  usually 
receives  a  delicate  filament  from  the  pneumogastric-  This 
communication  is  Bometimee  wanting.  The  same  may  be 
said  of  a  small  filament  passing  to  the  glosso-pharyngeal  from 

>  See  rol  iv,,  Kenroui  Sjirtem,  p.  204. 

*  Akokrscb,  FragTMnium  DetcripHomu  Kerwrum  Gardiaeu/rum  ;  in  LtTDWit^ 
SeriptortM  Stvroloffud  minon$  «a£Aelt,  Lip«iK,  119%  tomus  iL,  p.  115. 
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the  facial,  which  is  not  constant.  Branches  fmtn  the  gloaao 
pharyngeal  go  to  the  otic  ganglion  and  to  the  carotid  plexnd 
of  the  sympathetic. 

The  distribution  of  the  glosso-pharyngeal  is  qaite  exten- 
sive. The  tympanic  branchy  the  nerve  of  Jacobson,  arises 
from  the  anterior  and  external  part  of  the  ganglion  of  An- 
dersch,  and  enters  the  cavity  of  the  tyinpannm,  where  it  di- 
vides into  eijc  branches.  Of  these  six  branches,  two  poste- 
rior are  distributed  to  the  mucous  membrane  of  the  fenestra 
rotunda  and  the  membrane  surrounding  the  fenestra  ovalis ; 
two  anterior  are  distributed,  one  to  the  carutid  canal,  whei*e  it 
anastomoses  with  a  branch  from  the  superior  cervical  ganglion, 
and  the  other  to  the  mucous  membrane  of  tlie  Eustachian 
tube ;  two  superior  branches  are  distriluited  to  the  otic  ^n- 
glion  and,  as  is  stated  by  some  anatomiatSj  to  the  spheno- 
palatine ganglion.* 

A  little  below  the  posterior  foramen  lacerum,  the  glosso- 
pharyngeal sends  branches  to  tlie  posterior  belly  of  the  di- 
gastric and  to  the  stylo-hyoid  muscle.  Tbere  is  also  a  branch 
which  joins  a  filament  from  the  facial  to  the  stylo-glossus. 

Opposite  the  middle  constrictor  of  the  pliaiy^x,  three  or 
four  bninches  join  branches  from  the  pueimiogastric  and  the 
sympathetic  to  form  together  the  pharj^ngeal  plexus.  This 
plexus  contains  numerous  ganglionic  points,  and  filaments  of 
distribution  from  the  three  nerves  go  to  the  mucous  mem- 
bmne  and  the  constrictors  of  the  pharynx.  Prolmbly,  the 
mucous  membrane  is  supplied  by  the  glosso-pharyngeal.  As 
we  have  stated  in  another  vohmie,  it  is  probable  that  the 
muscles  of  the  pharynx  are  supplied  by  filaments  from  the 
pneumogastric,  which  are  originally  derived  from  the  spinal 
accessory** 

Near  the  base  of  the  tongue,  branches  are  sent  to  tlie 
mucous  memlirane  covering  the  tonsils  and  the  soft  palate. 

The  lingual  branches  penetrate  the  tongue  about  midway 

1  Sjtmnr,  IMtf  d^ma^mte^  Parift,  1871,  tome  HL,  p.  BBd, 
*  See  vol  It.,  Nerroiw  S^em,  p.  207 
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between  its  border  and  centre,  and  are  distributed  to  the  mu- 
eoTi8  membrane  at  its  base,  being  probably  connected  with  the 
papiUie. 

Genei^al  Properties  qf  ths  Ghsm-Ph^iryngeal, — ^As  in 
the  case  of  other  sensory  nerres  emei^^ing  from  the  cranial 
cavity,  it  is  important,  in  etndying  the  geneml  properties  of 
the  glosso-pharyngeal,  to  make  our  observations  under  certaia 
conditions.  First,  it  must  be  remembered  that  this  nerve 
contracts  anastomoses  a  short  distance  from  its  origin.  As 
we  desire  to  know  the  properties  of  the  original  filaments  of 
the  nerve,  we  must  operate  upon  it  before  it  has  received 
communicating  fibres.  JS'ext,  in  irritating  sensory  nerves,  we 
are  liable  to  produce  reflex  contractions.  To  avoid  this,  tlie 
nerve  must  be  divided ;  when  the  reflex  contractions  will  only 
follow  stimulation  of  the  central  end.  It  is  probably  from  a 
neglect  of  these  essential  experimental  conditions,  that  the 
results  of  dij'ect  observation  have  been  so  discordant  in  the 
hands  of  different  phye^iologists. 

To  begin  with,  we  shall  assume  that  the  glosso-pharyngeal 
must  be  irritated  Ijetween  its  origin  and  the  gsmglion  of  An- 
dersch,  in  order  to  avoid  anastomosing  filaments  fmni  motor 
nerves,  and  that  the  nerve  must  be  divided,  and  iiTitation  be 
applied  to  its  peripheral  end,  to  avoid  reflex  moveuients. 
Assuming  these  conditions  as  essential,  we  can  discard  most 
of  the  earlier  experiments,  as  open  to  the  objections  wo  have 
mentioned*  Lon^t,  operatnig  on  hors^  and  dogs,  after  re- 
moval of  the  c*erebral  lobes  and  division  of  the  glosso-pharyn- 
geal,  found  that  galvanization  of  the  periplieral  exti'emity  of 
the  nerve  did  not  produce  movements  of  the  palate  or  phar- 
ynx ; '  and,  from  these  experiments,  he  concludes  that  the 
nerves  are  exclusively  sensory  at  their  roots,  or,  at  least,  that 
they  do  not  contain  motor  filaments.  This  we  accept  as  con- 
clusive, notwitlistanding  the  contrary  assertion  of  Cliauveau, 

'  LoNGXT^  AnatomU  et  phifiiolo^e  du  ttfifhnt  mervmx,  J^Hs,  1842,  tome  iL, 
;v.  220;  and,  Traits  de phj/sioloffie^  Paris,  18«9,  tome  Bl,  p»  BOI. 
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who  operated  withotit  dividing  the  nerves,  and  who  observed 
contractions,  which  were  undoubtedly  reflex.*  In  another  vol- 
ume, under  the  head  of  movements  of  the  palate  and  uvnla, 
we  have  cited  in  detail  a  series  of  experiments  by  Bernard 
and  Davaine,  which  illustrate  the  reflex  movements  of  the 
velum  palati  through  the  facial,  produced  by  galvanization  of 
the  glosso-pharyngeal.*  As  a  complement  to  the  first  experi- 
ment^  of  Longet,  just  cit^jd,  the  same  observer  noted  eontnio- 
tions  of  the  pharyngeal  muselea  following  galvanization  of 
the  peripheral  end  of  the  divided  nerve  in  the  neck,  wliich 
coidd  only  be  produced  by  the  action  of  motor  anastomos- 
ing filaments/ 

As  regards  general  sensibility,  there  can  be  no  doubt  of 
the  fact  that  the  glosso-pharj-ngeal  is  sensory,  though  its  sen- 
sibility is  somewhat  obtuse.  In  the  experiments  in  which 
the  nerve  has  seemed  to  be  insensible  to  ordinary  impressions, 
it  is  probable  that  the  animals  operated  upon  had  been  ex- 
hausted more  or  less  by  pain  and  loss  of  blood  in  the  opera- 
tion of  exposing  the  nei-ve,  which,  it  is  well  known,  abolish 
the  sensibility  of  some  of  the  nerves.  Longet  states  dis- 
tinctly that,  unless  the  animals  (dogs)  be  already  a^hauBt^d  by 
resistance  during  the  of^ratiou,  they  have  always  appeared  to 
suffer  pain  on  pinching  or  dividing  the  glosso-pharynge^l.* 
The  observations  of  Schiff,  also,  lead  to  a  similar  conclusion.* 

Experiments  upon  the  glosso-pharyngeal  are  not  very 
definite  and  satisfactory  in  their  results,  as  regards  the  gen- 
eral sensibility  of  the  base  of  the  tongue,  palatOvantl  pharynx. 
The  sensibility  of  these  parts  seems  to  depend  chiefly  upon 
branches  of  the  fifth,  passing  to  the  mucous  membrane 
through  Meekers  ganglion.     Experiments  show,  also,  that  the 

'  Oeaittxau,  Du  nerf  pmmtmogattriqm. — J<mmai  tk  la  ph^ikioi^^  FaHSi 

leea,  tome  t,,  p,  209. 

•  See  ToL  ir,^  Ncrrou*  System,  p.  161, 

»  LoNGtr,  7Wii7l  dt  physioloffw,  Parift,  186ft,  toio©  iii,  p,  ftOS. 

•  Op.  ciL,  p.  503, 

•  Scmrr,  LefOM  $ur  U  pk^Mo^e  da  lot  diffe§Han^  florenoe  et  Turfn,  16^7 
p.  98. 
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reflex  phenomena  of  deglutition  hike  place  mainly  tlirougli 
these  branches  of  the  fifth,*  and  that  the  gloeso-phaiyngeal 
has  little  or  nothing  to  do  with  the  process.  In  fact,  after 
division  of  both  glosao-pharyngeal  nerves,  deglutition  does 
not  seem  to  be  affected.' 

With  these  remarks,  we  dismiss  the  functions  of  the 
glosso-pharyngeals  as  nerves  of  general  sensiliility,  and  shall 
consider,  in  detail,  their  relations  to  the  sense  of  taste. 

Helattons  qfthe  Glmao-Pharyngeal  Nerves  to  Gmlaiion, 
— Physiological  writers  quote  the  obi^ervations  of  Panizza,  as 
showing  that  these  nerves  preside  over  the  sense  of  taste* 
Panizza,  however,  appeare  to  liave  been  in  error  in  supposing 
that  the  nerves  under  consideration  have  no  influence  over 
general  sensibility,  and  that  their  section  abolishes  taste  com- 
pletely.* That  this  exclusive  view  is  erroneous,  is  sufficiently 
well  shown  by  observations  upon  the  gustatory  functions  of 
the  chorda  tympani.  The  observations  of  Panizza  appeared 
in  1S34 ;  and,  in  1839,  Valentin  published  a  number  of  ex- 
periments, in  which  the  views  of  Panizza  were  apparently 
confirmed,  and  he  also  asserted  that  taste  was  abolished  by 
section  of  both  glosso-pharyngeals  in  dogs,'  There  can  be 
no  doubt,  from  these  and  other  experiments,  that  the  glosso- 
pharjTigeals  are  nerves  of  taste  and  are  distributed  to  the 
base  of  the  tongue ;  and  it  is  proT)ablo  that  those  who  have 
denied  this  property  have  mistaken  for  the  glosso-pliaryngeals 
the  pharyngeal  branches  of  the  spinal  accessory.* 

In  the  erperiments  both  of  Panizza  and  Valentin,  after 

»  Sec  Tol.  IT.,  Nerroua  System,  pp.  196,  217» 

*  LoNOET,  Draiti  de  phtfnologie^  Pam,  186i>,  tome  ill,  p,  507. 

WjLLtSR  n  Pn^TOST,  Audi  rdoHm  awe  ner/t  ttimHfi  que  primd&U  auz  phS^ 
nemktet  rk/Uxm  di  kt  diffluiUwn,~-Ar^im9  def^^Mo^t  FttiU,  1S70,  tomo  Ui., 
p.  Sbs. 

•  LoKGvr,  op.  ci/.,  p.  504. 

LtJSANMi,  ArMfei  dtph^cloffie^  PaKd^  1869^  tome  1L|  p,  21, 

*  Valextih,  Ih  FunHionibuM  Xertforimi  Crrehraiitim  ft  jVm^t  St/mpjtkiH^ 
Berfiip,  1839,  p.  41. 

•  LovGiT,  TVaiti  de phyaiologie,  Paris,  18fi9,  t^nae  Ul,  p.  604, 
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.  section  of  the  nerves  on  both  sides,  animals  ate,  without  re- 
pugnance, meat  mixed  with  colocynth,  and  drank  colocynth 
mixed  with  milk,  while  other  animals  ref  osed  these  articles 
with  every  indication  of  disgost  This  fact  has  also  been 
observed  by  Longet*  and  by  Lusanna.' 

Belying  upon  experiments  on  the  inferior  animals,  par- 
ticularly dogs,  it  seems  pretty  certain  that  there  are  two 
nerves  presiding  over  the  sense  of  taste :  The  chorda  tym- 
pani  gives  this  sense  to  the  anterior  portion  of  the  tongue 
exclusively,  probably  the  anterior  two-thirds;  the  glosso- 
pharyngeal supplies  this  sense  to  the  posterior  portion  of 
the  tongue ;  the  chorda  tympani  seems  to  have  nothing  to 
do  with  general  sensibility ;  while  the  glosso-pharyngeal  is  an 
ordinary  sensory  nerve,  as  well  as  a  nerve  of  special  sense. 

To  conclude  this  portion  of  our  subject,  we  may  cite 
quite  an  elaborate  series  of  observations  by  Lusanna,  showing 
that  the  sense  of  taste  varies  in  different  portions  of  the  gus- 
tatory apparatus.' 

Wliere  there  are  such  differences  in  the  delicacy  of  the 

*  LcmGiT,  Traiti  de  phytiologU,  Pa^if^  1869,  tome  iii.,  p.  505. 

*  LusAXNA,  Archives  de physiologU^  Paris,  1869,  tome  ii.,  p.  24. 

*  LusAKNA,  Recherches  expMwutUalet  et  obtervatioru  paiholoffifuet  tur  let  nerfi 
■du  gout — Archives  de phifsiologit,  Paria,  1 869,  tome  ii.,  p.  208.  The  obseirations 
in  the  table  were  made  bj  the  pupils  of  Lusanna,  under  his  direction. 

"  A.  Savors  equally  well  appreciated  at  the  anterior  and  posterior  part  of  the 
tangoe. 

a.  Taste  of  milk. 


b. 

**     meats. 

c 

^     farinaceous  substances. 

d. 

^     saccharine  substances. 

1.  Aliments.                               h 

e. 

**     fatty  substances. 

/ 

"     alcohol. 

9- 

"     wines. 

A. 

"     acids. 

i. 

«     salts. 

2.  Seasonings,  aromas,  coflTee, 
pepper,  alwinthe,  essential  . 
oils. 

a. 
6. 
c, 

[d. 

Piquant  taste. 
Aromatic  ** 
Pungent    " 
Ethereal    « 

"  B.  Savors  that  are  slightly  or 

not  at  all  appreciated  «t  the  anterior  portion 
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tense  of  taste  as  exist  usually  in  tlifferent  iudividmils,  it 
mnst  be  difficult  to  describe  with  accui'acy  delicate  shades 
of  savor,  partieukrly  in  alimentary  substances ;  but  the  dis- 
tinct impressions  of  acidity  or  bitter  quality  are  easily  rec- 
ognizable. From  the  observations  just  cited,  it  would  ap- 
pear that  saline,  acid,  and  styptic  tastes  are  best  appreciated 
through  the  chorda  tympaiii,  and  that  sweet,  alkaline,  bitter, 
and  metallic  impressions  are  received  mainly  by  the  glosso- 
pharrngeal. 

Mechanimn  of  Gustation. — The  mode  in  which  sapid  sub- 
ibmees  are  brought  in  contact  with  the  organ  of  taste  is  so 
simple,  that  we  need  only  allude  to  it,  before  we  study  the 
anatomy  of  the  parts  directly  concerned,  and  their  connec- 
tions with  the  terminal  filaments  of  the  gustatory  nerves. 
In  the  first  place,  the  articles  wliich  make  the  special  impres- 
sion are  in  solution ;  introduced  into  the  mouth,  they  increase 

of  ihe  tongue,  but  which  are  appredsted,  to  a  high  degree^  at  ita  posterior  por- 
tion. 

a.  Caiutlc  and  acid  (mineral  aolda,  etc.). 

k.  Metallic  (lulpbale  of  irou,  oliuiif  etc), 

c.  Alkaline, 

d.  Aniinomaealf  urinoufli 

f.  Acrid  (jalap,  worm-aeed,  oniona,  priics,  etc.). 
f.  Bitter  (eolocjDth,  quLQine,  does). 
0.  Putrid. 

"  C  SaTon  appreciated  in  one  way  by  the  chorda  tjmpaui,  and  in  another 
by  the  glosso-pharyngieaL 

At  tliA  pcwterior  put  9f  tto 
tfla^«. 

Sweetish. 

Bitter,  n(iu84M>tia,  neither 

acrid  nor  piciiumt 

Bitter,  insipid. 

Sw^eetiflh,  not  acid. 

Bitter. 


At  tlM  utetior  part  of  tbo 
DUfbraot  Aitldea.  tongue. 

a.  Chloride  of  potasiiam.    Tafite^  cool,  aalt. 


6,  Acetate  of  potash. 

e.  Xitnte  of  potash. 
d,  Alum. 

4,  Sulphate  of  soda. 
/.  AeeUte  of  lead. 

g.  Oxalic  acid, 

K  Biaulphate  of  qomine. 


burning,  acid,  pi- 

quant, 
cool,  piqaanL 
acid,  cooL,  styptic 
aalt, 
cool,  piquant,  atyp.   SaccJiarine. 

tic, 
piquant.  Bitter, 

piquant,  acid,  cool.    Very  bitter.** 
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the  flow  of  saliva,  the  reflex  action  involving  chieflj  the  sub* 
maxillary  and  sublingual  glanda;  there  is  usually  more  or 
less  maetication,  which  inereaees  the  flow  of  the  parotid 
saliva ;  and^  during  the  acts  of  mastication  and  the  flrst  stages 
of  deglutition,  the  sapid  substances  are  distributed  over  the 
gustatory  membrane,  so  much  so,  indeed,  that  it  is  difficult  to 
exactly  locate  the  seat  of  the  special  impression*  In  this^way, 
by  the  movements  of  the  tongue,  aided  by  an  increased  flow 
of  saliva,  the  actual  contact  of  the  savory  articles  is  rapidly 
effected.  The  thorough  distribution  of  these  substances  over 
the  tongue  and  the  mucous  membrane  of  the  general  buccal 
ca\dty  leads  to  a  certain  amount  of  confusion  in  our  eppre- 
ciation  of  the  special  impressions  ;  and,  in  order  to  ascertain 
if  different  portions  of  the  membrane  possess  different  prop- 
erties, it  is  necessary  to  make  careful  experiments,  limiting 
the  points  of  contjict  as  closely  as  possible.  This  has  been 
done,  with  the  resjult  of  showing  that  the  true  gustatory  or- 
gan is  quite  restricted  in  its  extent,  and,  as  such,  it  demands 
special  anatomical  description. 

Phynological  Anatomy  of  ike  Organ  of  Taste. — Becent 

anatomical  and  physiological  researches  have  shown  that,  at 
least  in  the  human  subject,  the  or^n  of  taste  is  probably 
conflned  to  the  dorsal  surface  of  the  tongue.  In  the  old  ex- 
periments of  Vemiere  and  of  Guyot  and  Admyranld,  quoted 
and  in  part  confirmed  by  Longet,*  the  giistatory  sensibility  of 
the  tongue  was  established ;  and  Longet,  from  observations  i 
on  his  own  person,  touching  different  parts  of  tbe  mucous 
membrane  with  a  sponge  soaked  in  sapid  solurions,  came  to 
the  following  conclusions :  "  L  I  cannot  admit  gustatory  sen- 
sibility in  the  mucous  membrane  which  covers  the  superior 
jxntion  of  the  velum  palati,  nor  for  that  which  covers  the 
sublingual  glands  and  the  inferior  surface  of  the  tongue.  S. 
I  do  not  reganl  the  superior  and  middle  portion  of  the  tongue 
as  absolutely  devoid  of  this  kind  of  sensibility.'' 

t  LoNoiTf  TVdJ^  de  ph^9ialoffie,  ParU,  1669,  tome  iJL,  p.  ft4. 
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When  we  examine  the  structure  of  the  mucous  membrane 
of  the  mouthj  tongue,  and  palate,  we  find  tliat  tlie  upper  tur* 
face  of  the  tongue  presents  numerous  papilhe,  called,  in  con- 
tradistinction to  the  filiform  papillj^,  fimgiform  and  circum- 
vallate.  These  ai*e  not  found  on  its  under  surface,  nor  any- 
where except  on  the  superior  surface*  It  is  pretty  well 
established,  pai-ticularly  since  the  recent  very  elaborate  ob- 
servations of  Dr.  Camerer,  of  Wiiiltemberg,  that  the  cir- 
cumvallate  and  fungiform  papUlfe  alone  are  the  organs  of 
taste.  This  experimenter,  by  the  application  of  solutions 
to  different  parts  through  fine  glass  tubes,  concluded  that 
the  parts  around  a  papilla  have  no  gustatory  sensibility,  but 
that  different  savors  can  be  distinguished  when  a  single 
papilla  IB  touched/  These  observations  give  a  new  im- 
portance to  the  peculiar  papillte  of  the  tongue,  and  we 
therefore  present  a  description  of  their  arrangement  and 
structure. 

In  Fig-  20,  which  represents  the  dorsal  surface  of  the 
tongue,  the  lai^  circmnvallate  papilla^,  which  usually  num- 
ber from  seven  to  twelve,  are  seen  in  the  form  of  a  V,  oo- 
cupjing  the  base  of  the  tongue.  The  fungiform  papillae  are 
scattered  over  the  surface,  but  are  most  numerous  at  the  point 
and  near  the  borders.  Both  of  these  varieties  of  papillse  are 
distinguishable  by  the  naked  eye. 

The  circumvallate  papillae  are  simply  enlarged  fungiform 
papilliB,  each  one  surroimded  by  a  circular  ridge,  or  wall, 
and  covered  by  numerous  small,  secondarj^  papillae.  The 
fungiform  papiUffi  have  a  short,  thick  pedicle  and  enlarged, 
rounded  extremities.  According  to  Sappey,  from  one  hun- 
dred and  fifty  to  two  hundred  of  these  c-an  easily  be  counted.' 
They,  also,  present  secondary  papUloe  on  their  surface.  lIVTien 
tlie  mucous  membrane  of  the  tongue  is  examined  with  a  low 
magnifying  power,  particularly  after  maceration  in  acetic  or 

^  CAXXiitB,  Udter  dU  Abh&ngi0heii  de§  Getchmacktinm  ton  dcr^ereixim  8Ulk 
•  MMndhmt,^Zei(^hHft  fur  Bioloyie,  Miinchen,  1870,  B4.  ^,,  S.  440. 
»  Sapfct,  Trmti  d'maUmdt,  Patif,  1871,  tome  iii.»  p.  618. 
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^^^^H          dilute  hydrochloric  acid,  their  structure  is 

readily  ob66rred.^^^H 

^^^^B          They  are  abundantly  supplied  with  blood-veseeb  and  nerves,  ^^^1 
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and,  a  little  later,  Sebwalbe  *  described,  under  these  names^ 
peculiar  etnictures,  which  are  stipposed  to  be  the  true  organs 
of  taste.  They  are  found  on  the  lateral  slopes  of  the  circmii- 
vallate  papillie  and  occasionally  on  the  fungiform  papillse. 
Tlie  structure  of  these  organs  is  very  simple.  They  consist 
of  riask-Uke  eollectious  of  spindle-shaped  celk,  which  are 
received  into  little  excavations  in  the  epithelial  covering  of 
the  mucous  membrane,  the  bottom  resting  upon  the  con- 
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T\g.  91.  Mtntltim-jitz^!  Hr«*nTnvnTInt*»  jKiplIln. — 1,  popflk.  Ihf*  )mi*np  only  liotnff  apporcnt:  tt  Is 
♦fcn  that  ihti  fwiive  I*  covi'iyhI  with  wT^ondnry  f^ijiULi';  4,  gr^wivi-  tirtWi»«j]  tbo  |«pUk  unA  iba 
RumnitHlltii;  wall ;  .*(,  n.  w»tl  of  the  paiilllft. 

Tig.  'tl.  Fnng\(\*nn.  flllfrinii.  And  titimwptieHctJ  p^pUbi.— 1,  1.  tvfv  nuifrlfomi  mpl]]«>,  cer- 
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tlODi   of  Whlrlk    iir,>    tlirin'*t   oll!\t-nrfi  t   4,1    flHlhnn    p«Ti»Mjv    ulll.    Virtl,-il    F>r<tL<>fiirn1tn]iB  '    !^.  5, 

feniftll    tAit'K  lonpitiooft  ti:^  '^h 

fftrluttmu  kr  -[jbcrteal  pttj  -ti 

llie  ftmifUbru  _„  .  ..„  ^..i  ._:  ,--.._i;,    (SAVPitt,  i.„...   _  _..„:^;  .„,  i.^._,  .,.,  i  .1.^  lii, 

nective-tissue  layer.  Their  form  is  ovoid,  and,  at  the  neck 
of  the  flask,  is  a  rounded  opening,  called  the  taste-pore. 
Their  length  is  fi'ora  j^  to  -jpj^,  and  their  transverse  diame- 
ter, about  -^  of  an  ineJi.*    The  cavity  of  the  taste-beakere  is 

*  Sc-nwALBK,  Ufbrr  die  Om^maekaorffone  der  S^itf/^hiert  und  de$  MmMehen. 
^^^Arthiv  fur  mikro^kt^pmhe  Aimlomu^  Bonn,  1868,  Bd.  ir.,  8,  154. 

In  the  wune  Arrhiv,  1872,  Bd.  riil,  8.  660^  !b  h  note  by  Max  Schultze,  etatiog 
timi  tbe  dbcoverj  of  tlie  Schneckftecher  bud  beesi  &Diicip&KHl  in  11  SwredUh  [)ul>- 
licaUoTi,  by  LoTdn. 

*  K?(ocLiiAjn(,  in  Stricxer,  Manual  of  Human  omd  (kmparathr  JTiittofiHr^^ 
The  New  Sydenham  Sociery,  London,  1873,  toI.  iii,  p^  2. 


252 


SPECIAL   SENSES. 


filled  with  cells,  of  which  two  kinds  are  descriljed.    The 
variety,  the  outer  cell^  or  the  cover-cells,  are  spindle-^lmj 
and  curved,  to  correspond  to  the  wall  of  the  beaker.     Tt 
come  to  a  point  at  the  taste-pore.    In  the  interior  of 
beaker,  are  elongated  cells,  with  large,  clear  nuclei,  which  i 


Fig.  ii8. 


ST 


Tult-bndt  from  tho  l&tenl  tutc-onnin  of  tii«  nhUt.    (Kjuzelx ajht,  la  9mtxm$^  Mamd^n^ 
dtr  Jjhrt  toh  ftrr  />.".'-  f  'prig,  ifm^  8,  fijg.) 

called  taate-cells.  It  is  Mi].|M^-t:^d  that  ner%"e-fibrils  arc  con- 
nected directly  with  the&u  cuU^.'  As  far  as  we  can  learn,  the 
only  reason  why  these  structures  are  connected  with  the 
physiologj'  of  gustation  is  on  account  of  their  anatomical  re- 
lations to  the  gustatory  papillae. 

It  now  only  remains  to  note  the  ultimate  distribution  of  j 
the  nerves  in  the  gustatory  organ.  Upon  this  point,  ana-j 
tomieal  researches  are  not  entirely  satisfactory,  Ilowever, 
the  following  description,  by  Elin,  may  be  regarded  as  prob- 
ably correct,  though  the  facts  have  not  been  absolutely  de- 
monstrated. According  to  this  authority,  from  the  submu- 
cous tissue,  small  nerve-branches  pat^s  perpendicularly  to  the 
upper  layer  of  the  membrane.  These  fibres  have  a  varicose 
appearance.  In  the  most  superficial  layer  of  the  mucoufl 
membrane,  there  is  a  net-work  of  tine,  non-medullated  fibres ; 

^  ExoiLif  AJtH,  in  8niiCKii,  Mamud  of  Human  and  Comparative  Midolo^yt 
The  Keir  ^denhim  Societj,  London,  1S73,  toL  Ui,  p.  9. 


OBOAN  OF  TASTE.  253 

from  this  net-work,  branches  follow  the  blood-vessels  into  the 
papillae  and  penetrate  the  epithelium.  Sometimes,  though 
more  seldom,  they  pass  into  the  epithelium  lying  between 
the  papillae.  In  this  layer,  there  are  branches  which  end, 
some  in  nerve-cells,  and  some  taking  a  winding  course  and 
passing  into  neighboring  fibres.^  These  descriptions  are  from 
preparations  made  with  chloride  of  gold ;  but  the  plates  by 
which  they  are  illustrated  are  somewhat  unsatisfactory. 

According  to  the  views  of  those  who  have  described  the 
so-called  taste-beakers,  sapid  solutions  find  their  way  into  the 
interior  of  these  structures  through  the  taste-pores,  come  in 
contact  with  what  have  been  called  the  taste-cells,  these 
structures  being  directly  connected  with  the  terminal  fila- 
ments of  the  gustatory  nerves. 

^  Elin,  Zur  Keninm  der  feineren  Nervefi  der  MitndhdhUfuchUunhaut  — > 
Archiv/ur  mikroHopUehe  Anatomie,  Boim,  1871,  Bd.  yil,  S.  887. 


CHAPTER  XI. 

GENERATION — ^FESIALE  ORGANS. 

General  conBideratioiifl — Sexual  generation — ^MntaneouB  generation,  so  called— 
Female  organs  of  generation — General  arrangement  of  the  female  organs — 
External  and  internal  organs — ^The  OTaries — Graafian  follicles — ^Primordial 
OTa — ^Erectile  tissue  of  the  OTaries — ^Derelopment  of  the  Graafian  follicles — 
The  paroTarium — ^The  uterus — ^Muscular  tissue  oi  the  uterus — Mucous  mem- 
brane of  the  uterus — Uterine  tubes — ^Blood-vessels  and  erectile  tissue  of  the 
uterus — The  Fallopian  tubes. 

A  REVIEW  of  the  physiological  processes  which  we  have 
thus  far  studied  shows  that  the  functions  of  the  perfected 
oi^ganism  are  divided  into  two  great  classes : 

The  first  class  of  functions  may  be  grouped  under  the 
general  head  of  nutrition,  taken  in  its  widest  sense.  Nutri- 
tion is  common  to  animal  and  vegetable  life ;  and  this  is 
sometimes  called  a  vegetative  process. 

The  study  of  nutrition  involves  the  following  considera- 
tions: First,  the  blood,  which  is  the  great  nutritive  fluid, 
contained  in  the  innumerable  vessels  which  penetrate  nearly 
all  of  the  tissues  and  organs  of  the  body  and  are  connected 
with  the  system  of  lymphatic  and  lacteal  vessels.  Second, 
the  process  by  which  the  blood  is  circulated,  sent  by  the 
heart  to  all  pai-ts  in  the  capillary  system,  used  by  the  tissues 
for  their  nutrition,  then  losing  oxygen,  gaining  carbonic 
acid,  and  being  returned  by  the  veins.  Third,  respiration, 
the  blood  being  freed  from  carbonic  acid  and  getting  a  new 
sui)ply  of  oxygen  in  the  lungs,  by  which  it  is  rendered  capa- 
ble of  again  circulating  through  the  general  system.  Fourth, 
as  the  blood,  in  its  passage  through  the  capillary  vessels,  not 
only  loses  oxygen,  but  is  more  or  less  impoverished  by  the 
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aaaimilation  of  its  niitritivo  constituents  by  the  tissues,  it  is 
necessarj'  to  keep  it  up  to  the  proper  nutritive  staudaixl ;  and 
this  m  effected  by  alimentation,  digestion,  and  ab6oq>tioii. 
Fifth,  we  have  certain  Becretione,  necessary  to  the  above- 
mentioned  processes ;  and  the  products  of  physiological  waste 
or  decay  of  the  tissues  are  removed  by  excretion.  Sixths  the 
processes  of  vegetative  life  involve  the  production  of  heat, 
and  are  regulated  and  coortUnated  by  the  nervous  system. 

The  second  class  of  functions  relates  to  animal  life,  and 
these  are  called  the  functions  of  relation.  In  this  class,  are 
included  movements,  voice  and  speech,  the  functions  of  the 
cerebro-spinal  nervous  system,  and  the  opei-ation  of  the  si>©- 
cial  senses. 

In  studying  the  processes  of  nutrition  of  the  general  sys- 
tem, we  observe  that  certain  constituents  of  the  organism, 
which  contain  nitrogen  and  are  exclusively  of  organic  origin, 
have  the  property,  in  the  living  body,  of  self-regeneration ; 
f,  e,j  when  these  parts  are  brought  in  contact  with  nutritive 
matter  in  proper  form,  as  it  exists  in  the  blood,  this  matter 
IB  appropriated  and  transformed  into  the  substance  of  each 
tissue  and  organ*  It  is  in  this  way  that,  during  adult  life, 
the  different  parts  of  the  organism  are  maintained  in  a  tolera- 
bly uniform  condition.  In  the  absence  of  an  exact  knowledge 
of  the  cause  and  nature  of  these  aeBimilative  proee«se.8,  we  call 
them  vital ;  which  term  is  applied  to  a  constant  property  of  liv- 
ing, organized  paits.  Physiologists  have  ascertained  that  each 
tissue  and  orgsin  of  the  body  possesses  one  or  more  chai-acter- 
ifitic  organic  nitrogenized  constitnents  which  are  possessed  of 
this  so-called  vital  property.  But,  at  the  same  time,  it  is  al- 
ways observed  that  the  organic  nitrogenized  constituents  of 
the  organism  are  combined  most  intimately  with  a  tolerably- 
definite  quantity  of  inorganic  matter,  which  latter  regulates, 
to  a  certain  extent,  the  nutritive  processes,  and  constitutes, 
also,  an  important  component  part  of  the  tissues.  It  is  ob- 
served, in  addition,  that,  during  early  life,  when  the  ^'stem  is 
proceeding  toward  its  perfect  development  by  growth,  the 
U7 
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proportioii  nf  inorganic  matter  is  less  than  in  the  adult,  and 
that  the  process  of  nutrition  is  then  at  ita  maximum  of  activ- 
ity, the  regeneration  being  superior  to  the  waate.  During  the 
adult  period,  repair  and  phvgiological  decay  are  nearly  bitj 
aneed ;  but,  in  the  decline  of  life,  there  seems  to  be  a  | 
ual  accumulation  of  inorganic  matter,  and  this  continuea  nn* 
til  the  so-called  \4tal  properties  of  some  important  organ  be- 
come so  feeble  that  its  functions  cease,  and  we  have  physio- 
logical death.  This  regeneration  of  the  tissues  is  a  nece 
consequence  of  the  constant  waste  or  decay  of  every  part  < 
the  organism,  resulting  in  a  change  of  constituents  into  efFet 
matters,  which  are  discharged;  there  being,  during  Ufe^  n 
constant  waste  and  repair.  If  no  new  matter  be  introdv 
as  food,  the  system  wastes  to  a  point  which  is  incompatil 
with  life,  and  death  results  from  inanition. 

With  some  very  insignificant  exceptions,  we  cannot  con- 
ceive that  living  tissues  exist  in  an  absolutely  stationary  con- 
dition. The  organized  parts  of  the  body  are  undergoing  oon- 
Btant  molecular  destruction  and  repair.  Again,  the  soHsalled 
vital  properties  of  the  tissues,  which  involve  self-regenera- 
tion, seem  to  liave  certain  limits^  We  cannot  introduce  nutri- 
tive matter  in  suflScient  quantity  to  produce  growth  beyond  a 
certain  point,  though  we  may  limit  development  and  growth 
by  deficient  supply.  When  we  ask  why  the  organs  develop 
with  fixed  regularity,  why,  when  an  occasional  excess  of  nutri- 
tive matter  is  presented,  this  excess  is  not  used,  we  must  con- 
fess our  ignorance,  or  say  tliat  the  parts  are  endowed  with  vi- 
tal properties.  We  also  find,  to  come  to  the  most  important 
point  of  this  discussion,  that,  however  carefully  W9  may  sup- 
ply nutritive  matter  to  the  system,  we  cannot  arrest  the  grad- 
ual enfeeblement  of  the  assimilative  power:^  of  the  tissues, 
which  occurs  in  old  age.  In  short,  as  we  cannot  conceive  of 
a  living  tissue  without  decay  and  regeneration  of  its  sub- 
stance, Bo  it  is  impossible  for  the  organism  to  last  for  an  in- 
definite period.  A  necessary,  invariable,  and  inevitable  con- 
sequence of  individual  life  is  death.     The  constant  molecnlar 
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death — if  we  can  apply  this  term  to  the  tranafonnation  of 
living  into  effete  matter— of  every  tissue  of  the  body  is  al- 
ways, in  the  end,  superior  to  the  power  of  repair.  There 
Beems,  indeed,  to  he  an  antagonism  of  processea  during  life ; 
a  %^ew  80  fully  adopted  by  Bichat,  that  it  led  to  his  celebrated 
detinition  of  life ;  *^  the  ensenibfe  of  functiona  which  resist 
death."  *  Although  death  is  thus  inevitable,  and,  in  the  cir- 
culation of  material  in  Nature,  the  organic  parts  of  the  body 
become  changed  in  the  arrangement  of  their  ultimate  ele- 
ments and  appropriated  by  the  vegetable  kingdom,  during 
adult  life,  certain  anatomical  elements,  male  and  female,  are 
formed  in  the  human  subject,  which,  when  they  corno  to- 
gether under  proper  conditions,  develop  into  new  beings, 
who  pass  through  the  same  course  of  existence  as  the  par- 
ents. By  the  concourse  of  two  beings,  new  organisms  come 
into  life,  which  perpetuate  existence  and  preserve  species. 
The  f  imction  by  which  this  is  accomplished  is  called  genera- 
tion, or  reproduction. 

In  our  study  of  generation,  we  shall  confine  ourselves  as 
closely  as  possible  to  the  process  as  it  takes  place  in  the  hu- 
man subject.  There  are  many  considerations  of  great  interest 
connected  with  the  generation  of  the  lowest  orders  of  animal 
organization^  among  the  most  prominent  of  which  is  the  ques- 
tion of  so-called  spontaneous  generation.  While  this  may 
have  a  certain  bearing  upon  the  genesis  of  anatomical  ele- 
ments, it  has  little  or  nothing  to  do  with  the  development  of 
the  fecundated  human  ovum,  and  will,  theref oi'e,  receive  little 
more  than  an  incidental  consideration.  For  similar  reasons, 
we  shall  not  engage  in  a  discussion  of  tlie  development-theory 
applied  to  the  origin  of  species,  which  is  exciting  so  much 
controversy  at  the  present  day,  nor  shall  we  treat  of  genera- 

'  BlCHAT,  B^hrrrhf9  pktmoloffiqtiei  wur  la  ptV  et  In  mori^  Purifl,  1829,  p.  2, 
We  do  not  quote  Bichut's  dcfinitioD  of  life  as  one  which  we  con  imrotervedly 
adopt    For  more  elaborate  reflect  ion  §  oti  tbii  pointy  the  reader  is  referred  to 
Atiother  Tolunic,  under  the  head  of  Nutrition.     See  TOi  iiL,  6ecretiO(t|  Nuti-itioa, 
tforementftj  p.  369. 
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tion  in  the  lower  animalB,  except  to  illustrate  the  histoir  < 
development  in  man. 

The  stndy  of  human  generation  will  naturally  aasmne  the 
following  course :  First,  the  female  organs  of  generation,  and 
the  foraiation  of  the  female  element,  the  orum ;  eeeond,  the 
discharge  of  the  ovum  and  the  phenomena  which  attend  ttis 
process;  third,  the  male  organs,  and  the  development  andi 
discharge  of  the  male  elementfl,  spermatozoids ;  fourth^  the 
union  of  the  two  elements  of  generation,  or  fecundation; 
fifth,  the  development  of  the  fecundated  ovum  into  the 
foetus  at  term;  sixth,  the  development  of  the  body  after 
birth  and  at  different  agea,  or  stages  of  existence ;  finally, 
the  natural  cessation  of  the  so-called  vital  fxmctions,  or  physi- 
ological death. 

Sexual  Generaiion. 

Before  we  describe  the  actual  phenomena  of  sexual  gen- 
eration, as  they  are  observed  in  niun  and  the  mammalia,  it 
will  be  interesting  to  note  some  of  the  salient  points  in  the 
history  of  our  knowledge  of  this  process  in  the  inferior  ani- 
mals. This  we  can  do,  without  exceeding  the  limits  we  have . 
laid  down  in  our  general  remarkB, 

In  the  history  of  sexual  generation,  there  seems  to  have 
been  a  limiting  line  between  the  production  of  animals  from 
preexisting  organisms  and  of  those  produced  in  some  un- 
known manner,  or,  as  it  has  been  said,  gpontaneously.  This 
line  of  distinction  has  always  receded  toward  organisms  lower 
and  lower  in  the  scale  of  being  with  our  advance  in  positive 
knowledge.  The  ancients  understood  that  the  higher  ani- 
mals required  for  their  production  a  concourse  of  the  sexes ; 
but  they  thought  that  many  fishes,  reptiles,  insects,  worms, 
etc.,  were  produced  spontaneouBly*  Indeed,  with  the  limited 
knowledge  of  natural  history  possessed  by  Aristotle  and  those 
who  succeeded  him  for  many  hundred  years,  the  classes  of 
animals  said  to  be  produced  spontaneously  represented  sim- 
ply those,  the  generation  of  which  was  not  understood.  But, 
as  the  habits  of  many  animals  became  belter  understood, 
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more  and  more  of  them  were  observed  to  lay  eggs,  which 
were  foond  to  undergo  development. 

Dating  from  Aristotle,  who  lived  between  three  and  four 
hundred  years  b,  c,  it  was  nearly  two  thousand  years  before 
any  thing  was  known  of  the  generation  of  inseets ;  the  diffi- 
culty here  being  that  the  young  are  first  in  a  larval  state  and 
bear  no  resemblance  to  the  parents.  Anterior  to  the  experi- 
ments of  Redi,  it  was  thought  that  certain  organic  mattei^s  in 
oouree  of  putrefaction  developed  living  organisms,  as  mag- 
Dts  in  meat  and  the  larvro  in  cheese. 

We  refer  to  the  experiments  of  Redi,  made  about  the 
year  1668,  for  the  reason  that  these  mark  an  era  in  our 
knowledge  of  the  process  of  generation.  This  observer,  not- 
ing that  flies  frequently  lighted  upon  meat  when  it  was  ex- 
posed, simply  protected  it  by  gauze,  and  found  that  no  mag- 
gots were  developed,  while  other  pieces  of  meat,  placed  un- 
der the  same  conditions,  except  that  the  flies  had  free  access 
to  them,  developed  maggots  in  great  numbers,*  By  this  sim- 
ple experiment,  Redi  showed  that  the  maggots  in  putrefying 
meat  were  produced  by  insects  and  not  by  the  meat ;  but 
it  remained  for  Swammerdam  and  Vallisneri '  to  study  the 
metamorphoses  of  insects,  and  to  show  how  the  eggs  were 
developed,  first  into  sexless  larva?,  and  finally  into  perfect 
teings  resembling  the  parents.  It  is  curious  to  note  the  con- 
dition of  science  anterior  to  Eedi  and  Vallisneri,  and  com- 
pare it  with  the  ideas  that  are  current  at  the  present  day. 
When  maggots  appeared  in  putrefying  meat,  they  were 
thought  to  be  produced  by  a  spontaneous  aggregation  of 
organic  particles,  simply  becmuse  observers  knew  of  no  other 
way  in  which  these  beings  could  come  into  existence,  Kow, 
the  advocates  of  spontaneous  generation  have  the  same  ideas 
as  those  advanced  anterior  to  1668 ;  but,  in  the  place  of 
meat,  they  have  orgaaic  infusions,  and  for  maggots,  they  sub- 
stitute infusorial  animalcules.    It  is  possible  that  the  diseus- 

^  £cpi,  EKpcrvnm^€vrea  GmiraHomm  ^tmetonm^  AmBteloDdAJiil,  1686,  p,  40. 
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sioa  of  the  question  wag>  as  energetic  b&  it  is  now ;  but  the 
positive  advances  in  a  knowledge  of  the  generation  of  ineectd 
has  swept  away  the  memory  of  such  diecnfigionfi,  if  thej  ex- 
isted, a8  future  advances  may  possibly  cause  nmny  of  the  con- 
troversial writingfi  of  the  present  day  to  pajas  into  oblivion. 

For  a  time  after  the  researches  to  which  we  have  just  al- 
luded had  taken  their  place  in  the  hiatory  of  science,  there 
was  little  written  about  gpoutaneoius  generation.  Itedi  had 
satifactorily  deecribed  the  mode  of  generation  of  many  of  the 
entozoa,  the  origin  of  which  had  been  obscure ;  Han-ey  had 
enunciated,  in  substance,  his  famous  axiom  *'  otmm  animal  e» 
ova; ''  *  Kegnerus  de  Graaf  bad  described,  in  the  ovaries,  the 
vesicles  which  have  since  borne  his  name  j '  and  the  knowl- 
edge of  ovulation  and  development  began  to  make  detinite 
progress,  the  important  fact  having  been  ascerUined,  that 
viviparous,  as  well  as  oviparous  animals,  are  produced  from 
ova. 

With  the  discovery,  by  Leeuwenhoek,*  of  living  beings 
in  water^  called  by  him  animalcules,  but  since  known  as  in- 
fnsoria,  a  new  problem  was  presented  to  students  of  natural 
history.  Here  were  animal  organisms,  so  small  aa  to  be  in- 
visible to  the  naked  eye,  existing  in  great  variety  and  in  infi- 
nite numbers,  the  mode  of  generation  of  which  was  not  un- 

^  UiJiTir,  SiuftStaihmm  de  (hmr^umt  Aniuudium,  Londfnf,  1651.  Od  pt^ 
2«  \a  the  following;  **oiimlA  omnino  ftnimalia,  eti&m  Tivipaiu,  mtqae  boauaem 
tided  ipeom  ex  ovo  progigni"  This  quotation  Is  from  the  original  edition  of 
Harrey^i  work.  In  the  life  of  Hanrey,  by  Robert  Willi*,  publt^hod  in  the  Syd- 
fnhun  edition  of  the  works^  London,  lSi7,  p.  Uix.,  U  the  following:  **He  in- 
nouDced  the  general  truth :  Qmne  animal  ex  oro.^  It  is  probable  that  this  la 
the  paaaage  &om  which  the  ikmiliar  quotation  is  made. 

*  Ds  Geaat,  Jh  Mulifrwn  Or^amii  OmnrtUoni  intfrvimiibvg  J'roeiahta  .^Vb* 
wt,  lA^gd.  Batar.,  U1%  p.  111,  On  p.  181,  \a  the  following:  "Ora  ia  omul 
animafinm  genere  reperirl  oonfldentur  asaerimuj ;  quandoqaidem  ea  noQ  tMiitlkm 
in  aribo^  piadbiu  tarn  otiparia  qu^io  rivipatia ;  aed  etiam  In  qoadrapedibiu^  ae 
bomliie  ipao  ei^dcDtkaiind  cootpidiLtitur/' 

*  LauwKXDOzc,  Conc€nw^  UtUi  Ammak  ^  him  c^ttrw^  in  J^ii^  WtO- 
Sm^  mnd  Sno»-w9itr  ;  Of  otto  in  waitr  wA«f^fi  Pipptr  had  Mi  in/uted, — Phih^ 
mphieat  T^rofttadiom,  London,  1<(77,  Ha  tU,  p.  8il,  af  aa^.  The  obflerratioui 
rpferrfMl  to  were  Asda  fat  167&. 


spoirrANEous  oenebatioNj  so  called. 


261 


derstocKl.  As  these  organisms  were  studied  more  closely, 
their  multiplication  by  segmentation  and  by  budding  became 
known,  and  these  have  since  been  described  aa  proeesses  of 
generation  peculiar  to  some  of  the  lower  orders  of  beings  j 
but,  at  the  same  time,  some  writers  revived  the  theory  of 
spontaneous  generation,  to  account  for  the  original  appear- 
ance of  animalcules  in  water,  and  this  idea  has  its  advocates 
at  the  present  day.  If,  however,  we  follow  out  the  history 
of  tlie  spontaneous-generation  theory,  we  find  that  the  differ- 
ent epochs  have  repeated  themselves  j  that  the  theory  took 
its  origLQ  from  an  ignorance  of  the  mode  of  generation  of 
organisms  quite  high  in  the  scale  of  being;  that  the  progress 
of  exact  knowledge  gradually  restricted  the  theory  to  lower 
and  lower  organisms,  until,  by  this  rigid  process,  it  became 
extinct,  simply  from  want  of  material ;  that  its  application 
to  entozoa  was  ehminated  in  the  same  way ;  that  it  was  re- 
vived by  the  discovery  of  infusoria;  and  that  now  its  limits 
have  been  restricted  by  positive  advances  in  knowledge,  it 
being  demonstrated,  by  Balbiani  and  others,  that  many  varie- 
ties of  infusr)ria  present  the  phenomena  of  sexual  generation.' 
Of  the  advocates  of  spontaneous  generation  within  a  com- 
paratively recent  period,  perhaps  the  most  prominent  has 
been  Pouchet;*  but  modem  researches  have  shown  pretty 
clearly  that  the  infusoria  produced  in  organic  infusions  are 
due^  in  all  probability,  to  the  introduction  of  ova,  or  spores 
floating  in  tlie  air,  which  are  developed  when  they  meet  with 
proper  conditions  of  heat  and  moistin*e.  In  nimierous  ex- 
periments by  different  observers,  which  it  is  not  necessary  to 
cite  in  detail,  it  appeared  that,  when  organic  infusions  had 
lieen  ex|>oscd  to  a  degree  of  heat  sufficient  to  destroy  germs, 
and  the  introduction  of  new  germs  from  the  air  was  pre- 

^  Balbiani^  RiTherehn  wmt  Itw  phSnotnhuM  sexutlM  d^  in/uaort9. — Jimmal  dt 
la  ph^ioloffie,  Parb,  1861,  tome  iv.,  pp.  102,  194,  431,  4ft5. 

*  PoccHBT,  Theorie  pontivt  de  Vcumlaiion  »p*mtanie^  etc.*  Paris,  1S47.  Thli 
WM»  followed  by  ntimefoas  other  publicatioos  by  Pouehet,  finiJ  the  view9  ftdvuiHsed 
«xcit«d  a  rami  animated  disouuton  in  Fnuie«  and  elsewhere,  which  continued  fbr 
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vented,  no  infusoria  were  developed ;  and  this  was  the  case 
when  air  was  admitted  to  the  infusions,  care  being  taken  to 
pass  the  air  through  heated  tubes  or  sulphuric  acid,  so  as 
to  destroy  all  organic  matter.  The  present  aspect  of  the  ques- 
tion of  spontaneous  generation  is  the  following : 

First,  it  is  reduced  to  the  very  lowest  orders  of  infusoria, 
such  as  vibriones  and  bacteria,  which  simply  present  move- 
ment, have  no  distinguishable  internal  structure,  and  are  ex- 
ceedingly minute. 

Second,  the  question  is  discussed  as  to  what  degree  of  tem- 
perature and  length  of  exposure  to  heat  are  necessary  in  order 
to  destroy  preexisting  germs  in  organic  infusions ;  for  the 
idea  that  living  organisms  ever  result  from  an  aggregation  of 
inorganic  particles  has  been  generally  abandoned,  and  the  so- 
called  spontaneous  production  of  animals  has  been  reduced  to 
a  coming  together  of  organic  molecules.     - 

It  is  at  once  apparent  to  the  rigidly  scientific  mind  that 
the  second  division  of  the  question  presents  great  difficulties 
in  the  way  of  its  positive  solution.  It  is  granted,  for  ex- 
ample, that  vibriones  and  bacteria  are  living,  animal  organ- 
isms. It  is  proposed  by  the  advocates  of  the  theory  of  spon- 
taneous generation,  that  these  beings  arise  without  preexist- 
ing germs,  by  an  aggregation  of  organic  particles.  The  op- 
ponents of  this  view  assert  that,  when  the  air  admitted  to 
organic  infusions  is  freed  from  germs  or  organic  particles, 
and  wlien  the  organic  infusions  are  subjected  to  a  high  tem- 
perature for  a  time  sufficient  to  destroy  all  possible  preexist- 
ing germs,  no  generation  of  infusoria  can  take  place.  Xow, 
what  degree  of  temperature  is  required,  what  is  the  duration 
of  exposure  to  heat  necessary  to  destroy  germs,  and  how  are 
the  limits  of  these  conditions  to  be  ascertained  ?  *     The  only 

'  Upon  this  point,  we  may  refer  to  the  admirable  and  entirely  conclusive  ex- 
periments uf  Wyman.  His  conclusions,  as  far  as  they  bear  upon  the  question 
under  consideration,  are  the  following : 

*'  1st  In  thermal  waters  plants  belonging  to  the  lower  kinds  of  Algse  live  in 
water  the  temperature  of  which  in  some  instances  rises  as  high  as  208"*  Fahr. 

"  '2(1.  Solutions  of  organic  matter  boiled  for  twenty-five  minutes,  and  exposed 
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answer  to  this  question  lies  in  the  experimontal  teat,  Wlien 
infusoria  make  their  appearance  ia  solutions  that  have  been 
exposed  to  heat  and  protected  from  the  entrance  of  germs,  it 
18  said  that  the  heat  has  not  been  sufficiently  high  or  the  ex- 
posure has  been  of  too  short  duration.  When  infusoria  do 
not  appear,  the  conditions  are  assumed  to  have  been  fulfilled. 
This  mode  of  i^easoning  assumes  the  fact,  from  the  beginning, 
that  there  is  no  such  thing  as  spontaneous  generation.  Sup- 
pose, now,  we  start,  with  the  contrary  assumption,  that  there 
may  be  spontaneous  generation  in  an  organic  infusion.  We 
admit  to  such  an  infusion,  air,  carefully  purified  from  germs, 
which  is  logically  an  essential  exj^erimental  condition;  we 
have  previously  exposed  the  infusion  to  a  high  tempemtnre 
for  a  certain  period.  Under  these  conditions,  no  infusoria 
appear.  It  may  then  be  assumed  that  the  heat  has  destroyed 
the  properti^  of  the  organic  molecules,  so  that  they  cannot 
come  together  and  generate  new  beings. 

Under  these  circumstances,  all  that  we  can  do  is  to  argue 
logically  from  gucb  facts  as  have  been  positively  established, 
and  to  take  the  most  reasonable  ^iew  of  other  points,  thiit 
are  not  as  yet  ciipable  of  satisfactory  and  definite  explanation. 

We  shall  assume  that  it  has  been  demonstrated,  beyond  a 
reasonable  doubt,  that,  in  organic  infusions,  subjected  to  a 
temperature  somewhat  above  that  of  boiling  water,  and  sup- 
plied with  air  that  has  been  effectually  deprived  of  organic 

only  to  Jiir  which  bad  ptMied  through  iron  tubea  hented  to  redness,  beottme  thd 
se&t  of  iniUsorial  life.    Exps.  t-v. 

^*  8d.  Similar  Bolutiuiis  contained  in  flasks  hermeticJiUj  sealed,  and  then  im- 
mertod  In  boiling  water  for  periods  Tarying  from  a  few  minutes  to  four  boors, 
alao  beesme  tbfi  seat  of  mfusoml  life.  The  mfusoria  were  chieflj  Ylbrios,  Bao- 
teHumSf  and  Monads.    Exps.  tj.-xv. 

'**  4Ui.  No  ciliated  inAisoria,  unless  Monads  are  such,  appeared  in  the  experi- 
ments referred  to  in  the  above  oondusionA, 

"  6th.  No  Infneoria  of  any  kind  appeared  if  the  boiling  was  prolonged  be> 
jond  i  period  of  five  hours.** 

(Jjtrimisa  Wymak,  OhierwstiimM  attd  EsperimmU  o»  Living  OrganUrM  in 
Hrattd  Wat^^  Ncw  lJa?eti,  1867,  p.  20.  From  the  Amtrkan^  JtmffuU  of  Seimef 
and  ArtM,  moI  xUt.,  September,  1867,) 
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matter^  ova,  spores,  or  whatever  it  may  be,  no  living  organ- 
isms make  their  appearance  so  long  m  these  experimental 
conditionB  are  maintained.  We  also  assume  that  giinple  boil- 
ing, at  212°  Fahr.,  does  not  necessarily  destroy  all  germs, 
which  excludes  experiments  made  in  this  way.  This  redaces 
the  question  to  a  single,  simple  point :  In  infusions  in  which 
tlie  organic  matter  has  not  been  destroyed  by  heat,  do  the 
living  organisms  come  from  a  spontaneous  aggregation  of  or- 
ganic molecules,  or  are  they  the  result  of  the  development 
of  ova  I 

In  the  ease  of  the  very  loweat  organiams  maVing  their  ap» 
pearance  under  these  conditions,  they  are  themsdyea  so  fimaU| 
that  it  would  be  reasonable  to  suppose  that  we  might  he 
unable  to  see  the  ova,  assuming  that  they  exist.  The  organic 
particles  that  are  supposed  to  come  together  spontaneously  are 
also  invisible,  even  under  the  highest  magnifying  powers  ac 
our  corajuand.  If  we  come  to  an  exact  definition  of  the  term 
spontaneous,  we  may  say  that  it  means  an  action  '^  arising  or 
existing  from  natural  inclination,  disposition,  or  tenden<rr,  or 
witliout  external  cause "  (Worcester).  With  this  definition^ 
the  statement  that  a  living  organism  is  generated  spontane- 
ously can  only  mean  that  there  is  no  cause  that  can  be  assigned 
for  its  prodnetion.  In  point  of  fact,  we  simply  acknowledge 
that  the  mode  and  cause  of  generation  of  certain  infusoria 
are  unknown,  and  the  history  of  our  knowledge  of  genera- 
tion shows  that  the  term  spontaneous  generation  has  always 
been  applied  to  the  production  of  beings  in  a  manner  tliat  is 
incapable  of  satisfactory  explanation.  WTiat  we  actually  know 
of  the  mode  of  generation  of  animal  organisms  teaches  us 
that  aU  beings  are  produced  and  multiplied  by  ova,  or  by  pn>- 
oeaaes  of  segmentation  or  budding  of  preexisting  org&nismfi ; 
and  our  knowledge  of  these  processes  now  extends  to  all  ex* 
cept  the  most  minute  infusoria,  which  have  no  apparent 
structure.  We  know,  also,  that  such  organisms  may  develop 
in  pure  water  from  particles  floating  in  the  atmosphere  ;  and 
that  particles  in  the  air,  singly  invisible,  may  be  developed 
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into  infusoria  that  are  qiiite  liiglilj  organised.  If  we  reason 
that  the  products  of  so-called  epontaneons  generation  are 
formed  by  the  fortuitous  aggregation  of  organic  molecules, 
we  assume  a  fact  of  wliich  we  Imve  no  other  example  in  Na- 
ture ;  and  we  assume,  also,  that  such  an  aggregation  of  par- 
ticles produces  beings  of  a  definite  and  uniform  character. 
For  such  a  supposition,  we  have  no  basis  in  analogy.  If,  on 
the  other  hand,  we  regard  tliese  low  orders  of  beings  as  pro- 
duced by  the  development  of  invisible  germs,  which  liave 
found  favorable  conditions  of  heat  and  moisture,  we  I'est 
upon  a  basis  of  reasonable  analogy,  and  merely  confess  that 
this  is  a  form  of  generation,  the  processes  of  which  are  not 
as  yet  capable  of  demonstration. 

As  the  only  true  philosophic  view  to  take  of  the  question^ 
we  shall  assume,  in  common  with  nearly  all  modem  writers 
on  physiology,  that  there  is  no  such  thing  in  Nature  as  spon- 
taneous generation ;  admitting  that  the  exact  mode  of  pro- 
duction of  some  of  the  infusoria,  lowest  in  the  scale  of  being, 
is  not  understood. 

FemaU  Orgcms  of  Generation. 

An  accurate  knowledge  of  certain  points  in  the  anatomy 
of  the  female  organs  of  generation  is  essential  to  the  com- 
prehension of  the  most  important  of  the  processes  of  repro- 
duction. Following  a  fniitful  intercourse  of  the  sexes,  the 
function,  as  regards  the  male,  ceases  with  the  comparatively 
simple  process  of  penetration  of  the  male  element  through 
the  protective  covering  of  the  ovum,  and  its  fusion  with  the 
female  element.  The  fecundated  ovum  then  passes  through 
certain  changes,  which  are  the  first  processes  of  its  develop- 
ment, forms  its  attachments  to  the  body  of  the  mother,  con- 
tinues ita  development,  materials  being  derived  from  the 
mother,  is  nourished  and  grows,  until  the  foetus  at  term  m 
brought  into  the  world.  An  exact  knowledge  of  the  mech- 
anism of  these  complicated  processes  can  only  be  obtained 
after  a  careful  study  of  the  anatomy  of  the  female  organs 
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We  must  know  precisely  how  the  ovmn  is  developed  in  tha 
ovary  and  how  it  is  discharged ;  how,  after  its  disehaz^gei  it 
is  received  by  the  oviduct  and  carried  to  the  ntems ;  if  feeon- 
dation  do  not  take  place,  there  is  nothing  more  to  study,  m 
the  ovum  is  lost;  but,  as  the  fecundated  ovum  must  form 
certain  attachments  within  the  uterus,  we  must  be  acquainted 
with  the  anatomy  of  this  organ,  T)efore  we  can  comprehend 
its  development.  Again,  we  have  to  study  the  phenomena 
whidi  attend  the  discharge  of  ova,  and  the  changes  which 
take  place  in  the  ovaries,  anterior  to,  during,  and  subsequent 
to  o\-uliition.  It  will  not  be  essential  for  us  to  study  very 
closely  the  anatomy  of  the  external  parts,  as  these  are  only 
concerned  in  sexual  intercourse  and  in  parturition;  which 
latter,  though  a  purely  physiological  process,  forms  the  great- 
eat  part  of  the  science  of  obstetrics,  is  considered  elaborately 
in  treatises  on  this  subject,  and  is  not  usually  treated  of,  to 
any  great  extent,  in  physiological  works. 

The  female  organs  of  generation  are  divided  anatomically 
into  internal  and  external.  The  external  oi^ns  are  the  vxdva, 
and  adjacent  parts,  and  the  vagina ;  the  internal  organs  are 
the  uterus,  Fallopian  tubes,  and  ovaries.  When  we  come  to 
study  the  functions  of  the  internal  parts,  we  shall  see  that 
the  ovaries  are  the  true  female  organs,  in  which,  and  in 
which  alone,  the  female  element  can  be  produced.  The  Fal- 
lopian tubes  and  the  nterus  are  accessory  in  their  functions, 
the  female  element,  the  ovum,  passing  through  the  Fallopian 
tubes  to  the  uterus,  where  it  forms  the  attachments  to  the 
body  of  the  mother  which  are  essential  to  its  nourishment 
and  fuU  development  after  fecundation. 

Before  we  proceed  to  study  the  structure  of  any  of  the 
female  organs,  it  is  important  to  have  a  clear  idea  of  the  gen- 
eral arrangement  and  the  relations  of  these  parts ;  for,  with- 
out this,  we  shall  be  constantly  in  the  dark  as  to  the  beariog 
of  certain  important  anatomical  points  that  have  been  brought 
forward  within  the  last  few  years. 

The  vagina  has  a  direction,  slightly  curved  anteriorlyi 
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which  ia  nearly  comcident  with  the  axis  of  the  outletj  or  the 
inferior  strait  of  the  pelvis.  Projecting  into  the  vagina,  at 
its  Tipper  extremity,  is  the  lower  part  of  the  neck  of  the 
utems.  The  uterue  extends  from  the  vagina  nearly  to  the 
brim  of  the  pelvis.  It  is  situated  between  the  bladder  and 
the  rectum,  and  has  an  antero-posterior  inclinatiouj  when 
the  bladder  is  modemtely  distended,  which  brings  its  axifl 
nearly  coincident  with  that  of  the  superior  strait  of  the 
pelvis,'  Supposing  the  body  to  bo  erect^  the  angle  of  the 
nteruB  with  the  perpendieidar  wotdd  be  about  forty-five  de- 
grees. These  details  with  regard  to  the  position  of  the  ute- 
rus are  essential  to  a  comprehension  of  tlie  situation  and  rela-' 
tions  of  the  ovaries  and  Fallopian  tubes. 

The  uterus  is  held  in  place  by  ligaments,  certain  of  which 
are  formed  of  folds  of  the  peritoneum.  The  anterior  liga- 
ment is  reflected  from  the  anterior  surface  to  the  bladder ; 
the  posterior  ligament  extends  fi'om  the  posterior  surface 
to  the  rectum ;  the  round  ligaments  extend  from  the  upper 
angle  of  the  uterus,  on  either  side,  between  the  folds  of  the 
broad  ligament  and  through  the  inguinal  canal,  to  the  sym- 
physis pubis;  the  broad  hgaments,  which  extend  from  the 
aides  of  the  uterus  to  the  walls  of  the  pelvis,  are  the  most  in- 
teresting of  allj  as  they  lodge  the  ovaries  and  the  Fallopian 
tubes. 

If  we  imagine  the  uterus,  occupying,  as  it  does,  the  upper 
part^f  the  pelvis,  and  remember  its  angle  of  inclination,  it 
is  evident  that  it,  with  the  bmad  ligaments,  must  partially 
divide  the  pelvis  into  two  portions;  and  these  ligaments, 
which  are  formed  of  a  double  fold  of  peritoneum,  present 
a  superior,  or  posterior  surface,  and  an  inferior,  or  anterior 
fforfaoe*     The  superior,  or  anterior  border  of  this  fold  ia 

^  The  BtAt«meiits  pven.  Bbore,  with  regnrd  U>  the  poE^ttton  of  tbo  otenus,  ftt^ 
Terr  genci'ml.  The  utcnif  ii  exceedinglj  tnoTAble  aiit^^ro-pogtoriorly,  and  tbe  di- 
rection of  iti  nxis  is  largely  dependent  upon  the  condition  of  the  other  pelvic 
orgHiin.  When  the  bladder  is  distended,  the  fundus  Is  moTied  up»ra.rd ;  and, 
when  the  bladder  is  emptj^  tho  axis  of  the  ateros  maj  he  iuclined  forward  fto 
•a  to  become  Dearly  horizontoL 
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occupied  by  the  Fallopian  tubes,  the  peritoneum  constitut- 
ing their  outer  ei3at ;  laterally,  at  the  free  extremities  of  the 
tabes,  the  peritoneum  oeaseSi  and  there  is  an  actual  opening 
of  each  tube  into  the  peritoneal  ca^ty.  Attached  to  the 
broad  ligament,  and  projecting  upon  its  posterior  surface^  ia 
the  ovary.  Tliis  little,  almond-shaped  body  is  eonnected  with 
the  fibrous  ti^ue  between  the  two  layers  of  the  ligament^  and 
has  no  proper  peritoneal  investment ;  so  that  it  is  actually 
within  the  peritoneal  cavity.  If  we  look  at  the  ovaiy  from 
the  front,  we  simply  see  the  rounded  prominence  which 
marks  the  point  of  attachment  to  the  broad  ligament ;  but,  if 
we  look  from  behind,  the  projecting  surface  is  seen,  and  we 
have  a  distinct  ring  of  demarcation  at  the  baee,  which  indi- 
cates where  the  tessellated,  serous  epithelium  ceases,  and 
where  the  proper  columnar  epithelium  of  the  ovary  begins. 
If  a  vesicle  should  rupture  npon  the  surface  of  the  ovary, 
its  contents  might  thus  be  taken  up  by  the  Fallopian  tube 
and  be  carried  to  the  uterus.  Each  ovary  is  attached  to  the 
uterus  by  a  ligament,  lying  just  beneath  the  peritoneum, 
called  the  ligament  of  the  o^'ary.  This  ligament  is  com- 
posed of  non-striated  muscular  fibres.  Between  the  folds 
of  the  broaii  ligament,  are,  the  round  ligament  of  the  ute- 
rus, vessels,  nerves,  and  a  thin  layer  of  non-striated  muscular 
fibres  continuous  with  the  superficial  muscular  fibres  of  the 
uterus. 

We  are  now  prepared  to  study  Fig,  24,  which  shows  the 
general  arrangement  of  these  parte,  viewed  from  behind.  A 
portion  of  the  figure  which,  in  the  original,  shows  the  exter- 
nal parts,  is  cut  oflf,  to  avoid  complicating  our  descriptioiL 
The  left  half  is  represented  as  covered  with  peritoneum,  and 
the  free,  fimbriated  extremity  of  the  Fallopian  tube  on  thia 
side  is  drawn  away  from  the  ovary,  leaving  only  a  single 
prolongation,  which  is  attached.  This  shows  that  the  Fallo* 
plan  tube  opens  directly  into  the  peritoneum,  and  that  the 
ovary  is  also  actually  in  this  cavity,  and  has  no  true  perito- 
neal ooverii^.    On  the  right  side,  the  posterior  layer  of  tlie 
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broad  ligament  and  the  posterior  peritoneal  covering  of  the 
uterus  have  been  remove*!.  On  this  side,  the  extremity  of 
the  Fallopian  tul>e  is  applied  to  the  ovary.  The  exact  relar 
tions  between  the  ovaries  and  the  Fallopian  tubes  will  be 
discussed  hereafter,  but  Fig.  24  shows  how  the  extremity 
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9.  mKiMt  |»ortkiri  iir  fr«4,  l&d 

wtth  onn  ftrat>ri  i'  ffrMpbiK 

tfa>ri  (i>ri(tii".i!t  l(H't\vi>-ri  rhi>  ovary  RTtd  the  Kulloj.lim  til  N');  1 :;!,  brnA^UIijniDCOi  Of 

tli(  'U"  ii>-calkHt  InUrnat  tpttrmAtlo  vtery^  or  OT»rl«ii  trtoij;  1<  t&»  nteiind 

arte  na  lltiuuoQt  ol  Oie  iil«ciit.    (LutonvA,  Amtii»mU  dm  Mwniekm^  T&btBffva, 

may  be  applied  to  the  ovary.  On  the  left  side,  are  seen  the 
two  layers  of  the  broad  ligament.  A  carefid  examination  of 
this  figure  will  give  a  general  idea  of  the  relations  of  the  dif- 
ferent parts  and  enable  us  to  study  intelligently  their  minute 
anatomv. 


The  Ot*ari>s. — The  situation  of  these  bodies  lias  already 
been  indieateth  Attaebetl,  as  they  are,  to  the  broad  liga- 
ment, and  projecting  from  its  posterior  surface,  they  lie 
nearly  horizontally  in  the  pelvic  cavity,  on  either  side  of  the 
uterus.  They  are  of  a  whitish  color,  and  their  form  is  ovoid 
and  flattened,  with  the  anteri<»r  bonier,  sometimes  called  the 
base,  attached  to  the  broad  ligament.  If  we  closely  examine 
their  mode  of  connection  with  the  broad  ligament,  it  is  seen 
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thAt,  at  the  margin  of  the  attached  Borface  of  the  ovary,  the 
posterior  kyer  of  the  ligament  ceases,  and  that  the  fibrous 
stroma  of  the  medullary  portion  of  the  ovary  is  continuous 
with  the  fibrous  tissue  lying  between  the  two  layers^  It  is  at 
this  portion  of  the  ovary,  callexl  the  hilum,  that  the  vessels 
penetrate,  to  be  distributiid  in  its  substance. 

£adi  ovary  is  about  an  inch  and  a  half  in  length,  half  an 
inch  in  thickness,  and  three-quarters  of  an  inch  in  width 
at  its  broadest  portion.  The  outer  extremity  is  somewhat 
rounded,  and  ia  attached  to  one  of  the  fimbriae  of  the  Fallo- 
pian tube.  The  inner  extremity  is  more  pointed,  and  is  at- 
tached to  the  side  of  the  uterus  by  means  of  the  ligam^t  of 
the  ovary*  This  ligament  is  fehown  in  Fig.  24  (10).  It  is  a 
rounded  cord,  composed  of  non-striated  muscular  fibres  spread 
out  upon  the  attadied  extremity  of  the  ovary  and  the  poste- 
rior surface  of  the  uterus,  and  is  covered  by  peritoneum. 
The  weight  of  ^ch  ovary  is  from  sixty  to  one  hundred 
grains,  and  these  organs  are  largest  in  the  adult  virgin*  Its 
attached  border  is  called  the  hilum ;  and,  at  this  portion,  the 
vessels  and  nerves  penetrate-  The  surface  is  marked  by 
rounded,  translucent  elevations,  produced  by  distended  Graa- 
fian follicles ;  and  we  frequently  see  here  little  cicatrices,  in- 
dicating the  situation  of  ruptured  follicles.  We  may  also  see, 
between  the  distended  follicles,  corpora  lutea  in  varioua 
stages  of  atrophy. 

Within  the  last  few  years,  anatomical  researches  have 
shown  that  the  surface  of  the  ovaries  does  not  present  the  ap- 
pearance of  a  continuation  of  the  peritoneum.  At  the  base, 
is  a  distinct  Une,  surrounding  the  hilum,  which  indicates 
where  the  peritoneum  ceases  and  where  the  proper  epithelial 
covering  of  the  ovary  b^ins ;  and  there  is  a  well-marked  and 
abrupt  distinction  between  the  tessellated  epithelium  of  the 
serous  surface  and  the  layer  of  cylindrical  cells  covering  the 
ovary  itself.  This  peculiarity  has  given  rise  to  the  idea  that 
the  ovary  is  really  covered  by  a  mucous  membrane.  Indeed, 
there  seems  to  be  little  difference  between  the  cells  coverLog 
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the  ovaries  and  those  lining  the  Fallopian  tubes,  except  that 
the  latter  are  provided  with  ciliiu* 

Most  anatuniifitg  describe  a  proper  fibrous  membrane  in- 
vesting the  ovaries,  which  they  call  the  tniiica  albiiginea,  and 
which  IB  compared  to  the  fibrous  covering  of  the  testes. 
Thk,  however,  is  not  a  proper  term.  Sappey  denies  the  ex- 
istence of  a  timie^  albuginen ; "  and,  indeed,  in  the  sense  in 
which  it  was  formerly  described,  such  a  membrane  cannot  be 
demonstrated.  On  making  a  section  of  the  ovary,  it  h  readily 
seen  by  the  naked  eye  that  the  organ  is  composed  of  two  dis- 
tinct stmctnres ;  a  cortical  substance,  formerly  called  the  tu- 
nica albuginea,  which  is  about  ^  of  an  inch  in  thicknesB,  and 
a  medullary  substance,  containing  a  large  number  of  blood- 
vessels. The  cortical  substance  alone  contains  the  Graafian 
follicle.  The  external  layer  of  this  may  be  a  little  denser 
than  the  deeper  portion,  but  there  is  no  distinct  fibrous  mem- 
brane. 

The  stnicture  of  the  cortical  substance  of  the  ovary  is  very 
simple.  It  consists  of  connective  tissue  in  sevei^al  layers,  the 
fibres  of  which  are  continuous  with  the  looser  fibres  of  the 
medullary  portion.  In  the  substance  of  this  layer,  are  em- 
bedded the  ova,  enclosed  in  the  sacs,  called  Graafian  follicles. 
This  layer  contains  a  few  blood-vessels,  coming  from  the  me- 
dullary portion,  which  surroimd  the  follicles. 

The  medtillary  portion  is  exceedingly  vascular,  and  is 

iposed  of  numerous  small  bands,  or  trabecidtB  of  connee- 

*  It  appcftra  that  Koeter  was  tbe  first  to  give  tm  account,  in  1868,  of  the  true 
Htnictiire  of  tbe  cpitbdium  on  the  surface  of  the  oTaries,  WaldcTcr,  According 
to  a  late  rericw  of  recent  works  on  the  ovary  and  ovum,  is  said  to  have  made 
thia  diflcoTery  eiroiiltaneously  with  Koster.  (Olapaa^dk,  Vm*mr«  et  Vmtf. — Re- 
criM  de»  court  tcieniifiques^  Parift,  1870,  tome  vii.,  p.  662.)  In  the  list  of  works 
given  in  tliis  review  by  Clapardde,  the  date  of  Koster^s  article  is  1868;  and  Wnl. 
dcy«r*8  researchet  wore  published  in  1870.  We  have  not  been  able  to  consult 
the  original  paper  by  Koster^  published  in  Dutch.  Waldeyer  givee  a  very  clear 
descnplion  of  the  epithelium,  in  hia  artlLle  contributed  to  Stricker^s  "  Histology." 
(WA.LDBTIE,  in  SnticitiJi,  Afanual  of  Human  and  ComjHtrative  HlMiAof^^  The 
Kew  Sydenham  Society,  Ixindon,  1872,  voL  ii,,  p.  166.) 

*  SATprv,  TmU  tTanaidmu:^  Paris,  1874,  tome  iv.,  p.  688. 
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tive  tissue,  with  smooth  musctilap  fibres.  The  blood-TeeeelSi 
which  penetrate  at  the  hilnni,  are  krge  and  convoluted,  espe*. 
dally  at  the  hilum  itself,  where  there  is  a  mass  of  convoluted! 
veins,  forming  a  sort  of  vascular  bulb,  which  has  been  de- 
scribed particularly  by  Rouget.  In  the  medullary  portion 
of  the  ovary,  which  is  sometimes  called  the  vascular  zone, 
the  muscular  fibres  follow  the  vessels,  in  the  form  of  muscu- 
lar sheaths.  According  to  Rouget,  the  mass  of  vessels  at  the 
hilum  constitutes  a  tnie  erectile  organ.' 

In  addition  to  the  blood-vessels,  the  ovary  receives  nerve 
from  ihe  spermatic  plexus  of  the  sympathetic,  the  exact  mode 
of  tennination  of  which  has  not  been  ascertained.     Lym-J 
phatics  have  also  been  demonstrated  at  the  hilum. 

Oraa^n  FcUides* — These  vesicles,  or  follicles,  were  de- 
scribed and  figured  by  De  Graaf,  and  are  known  by 
name.*    They  contain  the  ova,  undergo  a  series  of  int 
ing  changes,  enlarge,  approach  the  surface  of  the  ovary,  anj 
finally  are  ruptured,  discharging  their  contents  into  the  fim- ' 
briated  extremity  of  the  Fallopian  tube. 

It  was  formerly  supposed  that  the  smallest  Graafian  folli- 
cles were  situated  deeply  in  the  medullary  portion  of  the 
ovaries,  approaching  the  surface  gradually,  as  they  became 
larger ;  but  it  is  now  known  that  they  are  developed  exdu- 
rively  in  the  cortical  substance.  If,  indeed,  we  examine  the 
ovary  at  any  period  of  life,  we  find  no  follicles  properly  in 
the  medullary  substance ;  but  a  few  of  the  larger  may  pro- 
ject downward,  so  as  to  encroach  somewhat  upon  it,  being 
actually  of  a  diameter  greater  than  the  thickness  of  the  cortex. 

The  earlier  anatomists  supposed  that  the  Graafian  folli- 
dee  were  few  in  number,  fifteen  or  twenty,  but  they  counted 
those  only  that  were  readily  seen  with  the  naked  eye.  AVTien, 
however,  it  was  calculated   that  ova  might  be  discharged 

1  Eocorr,  Rt^arAm  ivr  la  cfrffona  SreetUa  de  Ut  femme^-^Jioumal  dSr  2a 
pk^tiohffU,  Parii,  1858,  tome  I,  p.  320,  ti  icg. 

*  RBOsnDKTt  PI  Gkaat,  De  Jfuiierum  Orgmm  Gtnmttumi  iimrnetUH^  f\m^ 
iaht*  Mmu,  Lugd.  B&taT.,  1672,  p.  19a 
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every  month  during  a  period  of  about  forty  years,  it  became 
evident  that  the  follicles  rrnist  either  hequite  numerous,  or  be* 
came  successively  and  constantly  developed.  This  led  some 
anatomists,  who  believed  that,  at  the  age  of  puberty,  the  ova- 
ries contained,  either  partially  or  fully  developed,  all  the  fol- 
Kcles  that  ever  existed  in  these  organs,  to  increase  tlieir  esti- 
mates of  the  number  of  follicles,  Sappey,  from  a  series  of 
careful  observations  on  this  point,  puts  the  numlier  of  follicles 
at  from  600,000  to  700,000/  We  cannot  but  regard  this  esti- 
mate as  very  much  exaggerated.  According  to  the  table  of 
measurements  given  by  Waldeyer,  the  prijflordial  follicles  in 
the  human  embryo,  at  the  seventh  month,  measure  fn>m  ^^ 
to  ^^  of  an  inch,  and  the  primordial  ova,  from  ^^^  to  ^jhif 
of  an  inch/  From  what  has  been  written  on  this  point,  it 
seems  diflSciilt,  if  not  impossible,  to  give  an  approximation, 
even,  of  the  number  of  follicles  in  the  ovaries,  but  there  cer- 
tainly must  be  several  thousands,  many  of  which  may  never 
become  fully  developed.  ^* 

Within  the  last  few  years,  very  important  advances  have 
been  made  in  our  knowledge  of  the  mode  of  development  of 
^jtbe  ova  and  ovaries,  which  will  be  more  fully  considered  here- 
ter ;  but  we  must  here  refer  to  these  points  briefly,  in  order 
"to  give  a  dear  idea  of  the  relations  of  the  Graafian  follicles, 
in  the  different  forms  which  they  present  under  varied  condi- 
tions of  development. 

The  ovary  appears,  particularly  from  observations  on  the 
development  of  the  chick,  very  early  in  embryonic  life,  in  the 
form  of  a  cellular  outgrowth  from  the  Wolffian  body.  Most 
of  it-s  cells  are  small,  but,  as  early  as  the  fourth  or  fifth  day, 
some  of  them  are  to  be  distinguished  by  their  laige  size,  their 
rounded  form,  and  the  presence  of  a  large  nucleus.  These 
cells  are  supposed  to  be  primordial  ova*  In  the  process  of 
development  of  the  ovary,  some  of  the  peripheral  cells  pene* 

'  8A?rKT,  Traiti  tPanatomu,  Paris,  1874,  tome  iv.^  p,  694. 
*  WALIlKrxt^  in  Stiuckxb,  Manual  of  ffuman  Ofui  Oomparaiw€  Mtloloffjf^ 
The  New  Sjdenham  Society,  Lottdon,  1873,  toL  iL,  p.  207. 
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trate  in  the  form  of  tube%  the  soealled  ovarian  tubes,  and,  at  I 
the  same  time,  delicate  processes,  formed  of  connective  tissue 
and  blood-veBsels,  extend  from  the  fibrous  stroma  underlying 
the  epithelium  and  enclose  collections  of  cells.  It  is  proliiable 
that  we  have  these  two  mtxles  of  formation  of  follicles ;  one^ 
by  the  penetration  of  epithelial  tulles  from  the  soHace,  which 
bect>me  constricted  and  divided  off  into  closed  cavities,  and  the 
other,  by  the  extension  of  fibrous  proeessefi  from  below,  which 
enclose  little  collections  of  cells.  By  both  of  these  processes, 
little  cavities  are  formed,  which  contain  a  number  of  cells. 
In  each  of  these  cavities,  we  obser\^e  a  single,  large,  rounded 
cell,  with  a  large  nucleus,  this  cell  being  a  primordial  ovum ; 
and^  in  addition,  we  have,  in  the  same  cavity,  other  cells, 
which  are  the  cells  of  the  Graafian  follicle.  The  exact  nature 
of  the  processes  we  have  just  described  has  been  studied  in 
the  fowl,  but  it  is  probable  that  the  same  kind  of  develop- 
ment €*ccurs  in  mammalia  and  in  the  liunian  female. 

From  birth  until  just  before  the  age  of  puberty,  the  corti- 
cal substance  of  the  ovary  contains  thousands  of  what  are 
tenned  primordial  follicles  enclosing  the  prrmordial  ova ;  and 
it  is  probable  that,  after  the  ovaries  are  fully  developed  ai 
birth,  no  additional  ova  or  Graafian  follicles  make  their  ap- 
pearance. The  prevailing  idea  is,  indeed,  that  the  great  ma- 
jority of  these  never  arrive  at  matnrity,  and  that  they  undergo 
atrophy  at  various  stages  of  their  development.  According 
to  the  table  of  measurements  given  by  AValdeyer,  from  whose 
article  most  of  the  facts  we  have  stated  have  l^een  taken,  the 
primordial  follicles  of  the  human  embryo,  at  the  seventh 
month,  are  from  about  -g^  to  ^i^  ^^  ^^  ^^^^  ^^  diameter^ 
and  the  primordial  ova,  from  xVnr  *^*  tAtf  ^^  ^^  "**^^*  ^ 
the  adult,  the  smallest  foUicles  measm-e  from  about  ^^  to  ^|^ 
of  an  inch,  and  the  smallest  ova,  a  little  more  tban  ^uW  ^^  ^^ 
inch.'  The  piimoi'dial  ova  have  the  form  of  rounded  cells, 
each  with  a  large,  clear  nucleus,  and  a  nucleolus*     Other 

»  Waldktke,  in  SxiitCKiai,  Manual  of  Human  and  Comparativt  Huto!^^^  The 
Kew  Sydeabam  Society,  Loodon,  1872,  toI  ii.,  p,  207. 
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Btnicturea  are  developed  in  and  sun-oiinding  these  cells,  a& 
they  arrive  at  their  full  development. 

The  most  interesting  stage  in  the  development  of  the 
ova  and  Graafian  follicles  is  observed  at  about  the  period  of 
puberty.  At  this  time,  a  number  of  follicles,  twelve,  twenty, 
thirty,  or  even  more,  enlarge,  so  that  we  have  all  sizes,  be- 
tween the  smallest  primordial  folliclee,  -^^  of  an  inch,  and 
I  the  largest,  nearly  |  an  inch  in  diameter.  In  follicles  that 
ive  attained  any  considerable  size,  we  have  the  fully-devel- 
oped ova,  one  in  each  follicle,  except  in  very  rare  instances, 
when  there  are  two,*  and  these  ova  have  a  pretty  uniform  di- 
ameter of  about  yIt  ot  an  inch.  In  the  pri>c^Ji5S  w*hich  culmi- 
nates in  the  discharge  of  the  ovnm  into  the  fimbriated  ex- 
tremity of  the  Fallopian  tube,  the  Graafian  follicle  gmdiially 
enlarges,  becomes  distended  with  liquid,  and  finally  breaks 
through  and  ruptures  upon  the  surface  of  the  ovary.  It  bo- 
cornea  necessary,  then,  to  study  the  structure  of  these  large 
foUidea  and  their  relations  to  the  ova;  but,  before  we  do' 
this,  we  can  review,  with  advantage,  the  relations  of  the  dif- 
ferent portions  of  the  ovary  and  the  follicles  and  ova  of  vari- 
ous sizes,  by  an  examination  of  Fig.  25. 

Fig.  25  shows  the  follicles  and  ova  of  various  sizes.  It 
IS  observed  that  the  larger  follicles  contain  fully-fonned  ova, 
and  have  a  proper  fibrous  coat  The  ova  here  present  an  epi- 
thelial covering,  and  are  embedded  in  a  mass  of  the  epithelial 
lining  of  the  follicle  (membrana  granulosa),  this  mass  being 
called  the  discus  or  cumulus  proligerus. 

According  to  the  measurements  given  by  Waldeyer,*  the 

*  6chr6n  has  obserred  two  Aod  even  three  OTa  In  a  single  follicle,  in  nomo  of 
the  lower  animak.  In  four  bundrod  examinations  of  ovaries  of  the  cat^  be 
fonnd  one  follicle  with  two,  and  one  follicle  with  three  ova.  lu  eighty  cxami Ra- 
dons in  the  biteli,  he  found  a  single  follicle  with  two  ova;  but  he  found  no  other 
examples  of  this.  (Scheon,  Beitrag  zur  Kmimn  der  AtuUmnU  und  Fh^iohffie 
dm  Eieritock*  der  Sd^tfjdfuere, — Zeitachrift  fur  winmMehafdUhB  Zoologie^  Leipzig, 
186S,  Bd.  xii.,  S,  40^,  ei  teq,)  KolUker  noted  twt>  ova  in  a  single  follicle,  in  the 
boinaD  sobject.     {^munU  d^htMioloffU  humniw^  Parts^  1E68,  p.  705.) 

*  Waldetkb,  in  9nuoKKa,  If<mual  of  Human  and  Oomporative  BiM/oio^^ 
The  New  Sydenham  Society,  London,  1872,  toI.  ii.,  p,  207, 
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ture  f ollieles  project  just  beneath  the  surface  and  form  little 
rounded,  transhicent  elevations ;  the  smallest  foUieles  are  near 
the  surface,  and,  as  they  enlarge,  at  first  become  deeper,  aj9  la 
seen  in  Fig,  25,  becoming  superficial  only  aa  they  approach 
the  period  of  fullest  distention. 

Taking  one  of  the  largest  follicles  as  an  example,  two 
fibrous  layers  can  be  distingmshed ;  an  outer  layer,  of  ordi- 
nary connective  tissue,  and  an  inoer  layer,  the  tunica  propria, 
formed  of  the  same  Idnd  of  tissue,  with  the  difference  that, 
as  the  follicle  enlarges,  tlie  inner  layer  becomes  vascular.* 
The  vaBCular  tunica  propria  is  lined  by  cells  of  epithelium, 
forming  the  so-called  merabrana  granulosa.  At  a  certain 
point  in  this  membrane,  is  a  mass  of  cells,  called  the  discus 
or  cumulus  proligerus,  in  which  the  ovum  is  embedded.  The 
situation  of  the  discus  proligerus  and  the  ovum  has  been  a 
subject  of  discussion ;  some  describe  it  in  the  most  superficial 
portion,  and  others,  in  the  deepest  part  of  tlie  follicle.  Wal- 
deyer  states  that  he  has  observed  it  in  l>oth  situations ;  *  and 
it  is  probable  that  it«  position  is  not  invariable. 

The  liqiud  of  the  Graafian  follicle  is  alkaline,  slightly 
yellowish,  not  viscid,  and  contains  a  small  quantity  of  albu- 
minoid matter  coagulable  by  heat,  alcohol,  and  acids.*  This 
liquid  is  supposed  to  be  secreted  by  the  cells  lining  the  inner 
membrane  of  the  follicle. 


'  Borne  ftn&tomifltfl  deficribe  the  two  flbroue  \ajen  of  the  GranfiaQ  foil  tele  as 
m  ebgte  membrikne ;  and  some,  who  recognize  the  two  la^rere,  state  that  Uie  outer 
layer  alotie  la  vaacular.  We  hare  adopted  the  deecriptiou  of  Waldejcr,  aa  giTen 
abo^e. 

•  WxLDjfyKH,  In  Smicutu,  Manual  of  Human  and  Comparatlm  BU^og^^ 
The  Kew  Sydenham  Society,  London,  1872,  toL  II,  pw  I7i, 

Ai  early  m  lft47,  Poachet  utatcd  that,  in  numerous  obflorrntionB  on  the  sow, 
the  Ofrum  was  ortUnarUy  found  near  the  deepest  portion  of  the  Graafian  foUlcle. 
(PoircBCT,  Theorie  posUive  de  rovuioHon  tpontani$,  Farb|  1847,  p,  48.)  Among 
the  more  recent  writers,  we  find  that  Schron  statea  that  the  ovum  ia  ahnost  al- 
ways found  at  the  deepest  portion  of  the  foUide,  (SeUrag  rur  Keninm  der 
AfyU^mU  und  J^ynotoffif  det  Eitrtiitck*  *Ut  S&mfffhifre. — ZeUaehrift  fur  wmm' 
9chafaiefu  Zook^  Leipdg,  iseft,  Bd.  xU.,  a  410,) 

*  Ro&iN|  Lep^m  Htr  fst  kummn^  Pads,  1S67,  p,  88A. 
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It  is  important  to  remember  that  tlie  ovum  is  not  a  prod- 
uct of  secretion,  nor  can  the  ovary  be  properly  considered  as  a 
glandular  organ.  The  ovum  is  an  anatomical  element ;  and  the 
ovaiy  19  the  only  organ  in  which  this  anatomical  element  can 
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Gniflto  iollkite.  Uftgnlfled  90  dl»Rieter».— t.  K  strottu  of  t1)«  oniry;  3.  %  oonToluted.  eork- 
■erew  btood'TMselfl ;  8,  fibrouB  will  of  the  fblt1ek> ;  4^  tn«nbni»  gnwaluM;  {ft,  ctimuliM  ^tro- 
HseraA  \  e.  wnui  pettnotds  of  the  otuhi  :  T.  vltcUtti  of  tli«  oTuni ;  »,  ir*tintiial  ^feiktewllii 
t&G  KQitntDiil  ftpot    (LuunKA,  ^natoml^  det  Jren«cA«iK  TflblogcA,  lb64,  Bd.  U^  S,  8S&> 

be  developed.  The  only  process  of  secretion  which  takes  place 
in  the  ovary  is  the  production,  probably  by  the  cells  of  the 
membrana  granulosa,  of  the  liquid  of  the  Graafian  follicles. 

The  Parovarium. — The  parovarium,  or  orgim  of  Rosen- 
muller,  which  is  sho^Ti  in  Fig,  24  (8),  is  simply  the  remains  of 
the  Wolffian  body,  lying  in  the  folds  of  the  broad  ligament, 
between  the  ovary  and  the  Fallopian  tube.  It  consists  of 
from  twelve  to  fifteen  tubes  of  fibrous  tiesne,  lined  by  ciliated 
epithelium,  and  haj?  no  physiological  importance.  The  Wolf- 
fian bodies  will  be  fully  described  in  connection  with  the  de- 
velopment of  tlie  genito-urinary  system. 
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The  Uterus, — The  form,  situation,  and  relations  of  the 
litems  and  Fallopian  tubes  have  already  been  indicated/  and 
are  shown  in  Fig.  24. 

The  uterus  is  a  pear-shaped  body,  somewhat  flattened  an- 
teroposteriorly,  presenting  a  fundiis,  a  body,  and  a  neck. 
At  its  lower  extremity,  is  an  opening  into  the  vagina,  called 
the  OS  externum.  At  the  upper  portion  of  the  neck,  is  a  con- 
striction, which  indicates  the  situation  of  the  os  internum. 


Vlndn  Qtcrus,  completely  Inotoled.  (Seen  fmiti  l^hiixl,  twd'thlrds  nf  tbo  nittnnil  slzo.>— 1, 
boify ;  %  neck;  tC  8,  tfxtfentitlAS  of  tbtf  FftUopiAn  tuWa;  -i.  ob  r>iEtrmnm ;  Ik  {Kieicrior,  6i,  an* 
t»'rior.  Up  of  tli<?  Tdftual  portSoo.    (LtrsouxA,  Aniit>u>ii<^  tftj>  Mt  /m^  'rt/i,  Tubingen,  1h<>1,  BU. 

Its  form  is  shown  in  Fig,  27.  It  is  usually  aliout  three  inches 
in  length,  two  in  breadth,  at  its  widest  portion,  and  one  inch 
in  thickness*  Its  weight  is  from  one  and  a  half  to  two  and  a 
half  ounces.  It  is  somewhat  loosely  held  in  place  by  the  broad 
and  round  ligaments  and  by  the  folds  of  the  peritoneum  in 
front  and  behind.  The  delicate  layer  of  peritoneum  which 
forms  its  external  covering  extends  behind  as  far  down  as  the 
ftgina,  where  it  is  reflected  back  upon  the  reetimi,  and  ante- 
riorly, a  little  below  the  upper  extremity  of  the  neck  (os  in- 
ternum), where  it  is  reflected  upon  the  urinary  bladder.    At 

>  See  page  367. 
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the  Bides  of  the  ntems,  the  peritoneal  covering,  a  little  below 
the  entrance  of  the  Fallopian  tubes,  becomes  loosely  attached, 
and  leaves  a  line  for  the  penetration  of  the  vessels  and  nenrea. 
Fig.  28,  giving  a  view  of  the  interior  of  the  uterus,  shows 
a  triangular  cavity,  with  two  comua,  corresponding  to  the 


Fio,2i 


Istottor  of  tb*  iliftii  utenu  (two^Uilrds  of  th^^  xutimi  siieV— L  mwixy  of  th»  bodj  of  tlia  oto- 
nu;  S,  emftl  or  Ibe  oenrlx  aterl,  wltb  tbe  ttrboF  rite  ukd  oruJee  of  Niboth;  S.  m  tDterDQfn; 
4,  m  ejctenara :  5v  ft.  oMalogi  of  the  FaUopiaA  IuIma.  (LracamAi  Anai&mU  d4t  Men^e^tm, 
Tmngca,  lb«i  Bd.  lU  sTi&.) 

(Openings  of  the  Fallopian  tubes,  and  exceedingly  thick  waOsy 
the  greatest  part  of  which  is  composed  of  layers  and  baada 
of  non-striated  muscular  fibres. 

The  muscular  waUs  of  the  uterus  are  composed  of  fibraa 
of  the  involuntary  variety,  arranged  in  several  layers.  These 
fibres  are  spindle-diaped,  always  nucleated,  the  nucleus  pre- 
senting one  or  two  large  granules,  which  liave  been  taken  for 
nucleoli.  They  are  closely  bound  together,  so  that  they  are 
isolated  with  great  difficulty.  In  addition  to  an  amorphous 
adheave  substance  between  the  muscular  fibres,  we  find  nu- 
merons  rounded  and  spindle^haped  cells  of  connective  tissue 
of  the  variety  called  embryonic,  and  a  few  elastic  fibres.  The 
muscular  tissue  of  the  utenis  is  remarkable  from  the  fact  that 
the  fibres  enlarge  immensely  during  gestation,  becoming,  ftt 
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mat  time,  ten  or  fifteen  times  as  long  and  five  or  six  times 
as  broad  as  they  are  in  the  nnimpregnated  state.  They  are 
united  into  bundles,  or  fasciculi,  which,  in  certain  of  the  lay- 
ers, interlace  with  each  other  in  every  direction. 

It  is  quite  difficult  to  follow  out  the  course  of  the  fasci- 
culi of  the  uterus,  and  the  layers  are  described  somewhat 
differently  by  different  writers.  All  agree,  however,  that 
there  is  a  superficial  layer,  tolerably  distinct,  very  thin,  re- 
sembling the  platysma  myoide^,  which  is  sometimes  called 
the  platysma  of  the  uterus.  In  addition  to  this  layer,  we 
shall  describe  two ;  making,  in  all,  three  layers,  an  external, 
middle,  and  internal,  though  this  division  is  somewhat  arbi- 
ti*arj% 

The  external  layer,  very  thin  but  distinct,  is  closely  at- 
tached to  the  peritoneum.  When  the  uterus  is  somewhat  en- 
larged after  impregnation,  we  observe  oblique  and  transverse 
guperfioial  fibres  passing  over  the  fundus  and  the  anterior  and 
j>o9terior  surfaces  to  the  sides.  Here  tliey  are  prolonged  into 
the  Fallopian  tubes,  the  round  ligament,  and  the  ligament  of 
the  ovary,  and  also  extend  between  the  layers  of  the  broad 
ligament*  This  external  layer  is  so  thin  that  it  caimot  be  very 
eflicient  in  the  expulsive  contractions  of  the  uterus ;  but,  from 
its  connections  with  the  Fallopian  tubes  and  the  ligaments,  it 
is  useful  in  holding  the  uterus  in  place.  It  does  not  extend 
entirely  over  the  sides  of  the  uterus*  Rouget,  who  has  given  a 
very  elaborate  description  of  the  external  layer  in  the  human 
subject  and  in  various  classes  of  animals,  has  found  it  pro* 
longed  into  the  ligaments  and  extending  to  the  ovaries  and 
Fallopian  tubes.  He  regards  the  uterus  and  its  so-called  ap- 
pendages as  lying  between  two  thin,  muscular  sheets,  and 
considers  the  action  of  the  muscular  fibres  as  very  efficient  in 
producing  an  engorgement  of  the  erectile  tissue  of  the  inter- 
nal organs,  by  constriction  of  the  veins.  Erection,  according 
to  this  observer,  occurs  at  the  period  of  menstruation,  deter- 
mines the  application  of  the  fimbriated  extremity  of  the  Fal- 
lopian tubes  to  the  surface  of  the  ovary,  and  assists  in  the 
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expulfiion  of  the  ovum.*  These  pointe  will  be  more  fally 
considered  under  the  head  of  ovulation. 

The  middle  layer  is  the  one  most  efficient  in  the  parturient 
contractions  of  the  uterxie.  It  is  composed  of  a  thick  and 
complicated  net-work  of  faficiculi  interlacing  with  eiich  other 
in  every  direction. 

The  inner  layer  is  arranged  in  the  form  of  broad  rings, 
which  surround  the  Fallopian  tubes,  become  larger  as  they 
ejctend  over  the  body  of  the  uterus,  and  meet  at  the  oentre 
of  the  organ  near  the  neck. 

The  mucous  membrane  of  the  uterus  is  of  a  pale,  reddish 
color ;  and  that  portion  liaing  the  body  is  smooth,  and  so 
closely  attached  to  the  subjacent  structures,  that  it  cannot  be 
separated  to  any  great  extent  by  dissection.  There  is,  how- 
ever, no  proj>er  submucous  areolar  tissue,  the  membrane 
being  applied  directly  to  the  utemie  walls.  It  is  covered  by 
a  single  layer  of  cylindrical  epithelial  cells  with  delicate  cilia, 
the  movements  of  which  are  foDm  without  inward,  toward 
tlie  openings  of  the  Fallopian  tubes,*  Examioation  of  the 
surface  of  the  membrane  with  a  low  magnifying  power 
shows  the  openings  of  numerous  tubular  glands.  These 
glands  are  usually  simple,  sometimes  branched,  dividing, 
about  midway  between  the  opening  and  the  lower  extremity, 
into  two  and,  very  rarely,  into  three  secondary  tubules.  Their 
course  is  generally  tortuous,  so  that  their  length  frequently 
exceeds  the  thickness  of  the  raucous  membrane.  The  open- 
ings of  these  tubes  are  about  yj-g-  of  an  inch  in  diameter. 

The  uterine  tubes  are  of  considerable  physiological  inter- 
est, and  have  been  the  subject  of  much  discussion.  Their 
secj-etion,  which  forms  a  thin  layer  of  mucus  on  the  surface 

'  BoiTGKT,  Mtehgtt^  mtr  Ut  or^antt  hreetUm  de  la  femme. — Jowmai  dt  Is 
phjfnoioffif^  PftriB,  1868,  tome  !.,  pp.  820,  41%  t35,  e(  *eq, 

*  KOUJKSit,  S^hAmU  iThist^Uipie  hutmiM,  Paris^  1S68,  p.  YSd. 

According  to  LiiscbkA^  as  a  rule,  it  Is  only  the  mueouB  membrane  of  the 
tipper  half  of  the  body  and  the  fundtt^  of  the  utema  which  is  prorided  with 
dlhited  epitheUuiD,  rhe  morem^nt  being  toward  the  openings  of  the  FaUopba 
tubes.    (LcBCHtA,  AnafwnU  dea  MfntcAm,  labingen,  1864,  B4,  iL,  S.  8?0,) 
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Df  the  membrane  in  healthy  is  gniyishj  viscid,  and  feebly 
olkalina  The  tubes  tliemselves  have  exceedingly  thin,  stnict- 
tirelegs  walla,  and  are  lined  with  cylindrical  ciliated  epithelial 
cells.  These  eelk  have  been  accurately  described  by  Lott, 
who  observed  ciliaiy  movement,  as  far  down  as  their  blind  ex- 
tremities, in  Bome  of  the  mammalia,  the  movement  always 
being  toward  the  openings  J 

The  changes  which  the  mucous  membrane  o£  the  body  of 
the  litem  a  undergoes  during  menstruation  are  remarkable. 
Under  ordinary  conditions,  its  thickness  is  from  ^  to  ^o{ 
an  inch  ;  but  it  measures,  during  the  menstrual  period,  from 
^  to  J  of  an  inch. 

In  the  cervix,  the  mucous  membrane  is  paler,  firmer^  and 
thicker  than  over  the  body  of  the  uterus,  and  presents  a  dis- 
tinct line  of  deniarkation.  It  is  here  more  loosely  attached 
to  the  subjacent  tissue,  and  the  anterior  and  posterior  surfaces 
of  the  neck  present  an  appearance  of  folds  radiating  from 
the  median  line,  forming  what  has  been  called  the  arbor  vitie 
uteri,  or  plicee  palmatte.  These  so-called  folds  are  supposed 
by  some  anatomists  to  be  formed  by  rows  of  large,  papUlary 
elevations  of  the  membrane.  Throughout  the  entii*©  cer- 
vical membrane,  are  numerous  mucous  glands,  and,  in  addi- 
tion, in  the  lower  portion,  are  a  few  roimded,  semi  transparent, 
closed  follicles,  called  the  ovules  of  Naboth,  which  are  prol)- 
ably  cystic  enlargements  of  obstructed  follicles.  The  upper 
half  of  the  cervical  membrane  is  smooth,  but  the  lower  half 
presents  nnmeroud  villi. 

According  to  the  recent  researched  of  Lott,  who  has  elabo- 
rately investigated  this  subject  and  reviewed  the  opinions  of 
previous  writers,  the  epithelium  of  the  cervix  presents  great 
variations  in  its  character  in  different  individuals.  Before 
the  time  of  puberty,  Ivott  is  of  the  opinion  that  the  entire 
membrane  of  the  cervix  is  covered  with  ciliated  epithelium. 
After  puberty,  however,  the  epitheliimi  of  the  lower  portion 

1  Lott,  (Teb^  dot  Flimmrrfjjiihd  der  UierindrHmm^  m  Rollttt,  Unitrmekitm-' 
ffm,  Leipzig,  1871,  Zweitea  Hea,  S.  SdO,  i4  my. 
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changes  its  character,  and  we  have  cylindrical  cells  aboTe, 
with  gquamotis  cells  in  the  inferior  portion.  The  latter  ex- 
tend upward  in  the  neck  to  a  variable  distance/ 

The  blood-vessels  of  the  uterufi  are  verv  large,  and  pre- 
sent certain  important  peculiarities  in  their  arrangement. 
The  uterine  arteries  pass  between  the  layers  of  the  bromd 
ligament  to  the  neck,  and  then  ascend  by  the  sides  of  the 
utemsj  presenting  an  exceedingly  rich  plexus  of  convoluted 
vessels,  anastomosing  above  with  branches  from  the  ovarian 
arteries,  sending  bi-anches  over  the  body  of  the  uterus,  and 
finally  penetrating  the  organ,  to  be  distributed  mainly  in 
the  middle  layer  of  muscular  fibres.  In  their  course,  these 
vessels  present  the  convoluted  arrangement  characteristic  of 
erectOe  tissue,  and  form  a  sort  of  mould  of  the  body  of  the 
uterus.  Eouget  calls  this  the  erectile  tissue  of  the  internal 
generative  organs.  By  placing  the  pelvis  in  a  bath  of  warm 
water,  and  injecting  what  he  calls  the  spongy  bodies  of  the 
ovaries  and  uterus  by  the  ovarian  veins,  he  produced  a  dis- 
tention of  the  vessels  and  a  true  erection,  the  uterufl  execut- 
ing a  movement  analogous  to  that  of  the  penis  during  vene- 
real excitement.* 

In  addition  to  the  erectile  action  described  by  Eouget, 
Wemich  has  lately  noted  a  true  erection  of  the  lower  portion 
of  the  uterus,  particularly  the  neck,  which  he  believes  to  be 
very  efficient  in  aiding  the  penetration  of  spermatozoids. 
In  several  observations,  he  noticed,  during  a  vaginal  examinar 
tion  by  the  touch,  that  the  neck  of  the  uterus,  which  at  first 
was  soft  and  flaccid,  became  elongated,  hardened,  and  ap- 
parently in  a  condition  of  erection,  giving  an  impression  to 
the  finger  comparable  to  that  of  the  hardened  glans  penia, 
Ab  an  anatomical  explanation  of  the  phenomena  observed, 
Wemich  quotes  from  Henle,  an  accoimt  of  the  airangement 
of  the  blood-vessels  of  the  cervix,  and  his  physiological  de- 

'  LOTT,  Zur  Anaiomie  und  PhyitiolaffU  de$  Cervix  Uteri,  Brlnngen,  1872,  & 
*  RouoiT,  c^  (U.^J<mrrMl  d€  U  phtftidogU^  Fftiifl,  1868,  tome  L,  ]>.  888, 
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ductions  from  the  presence,  in  this  portion  of  the  uternB,  of 
a  true  erectile  tis&ue/  This  question  will  be  considered  more 
fully  under  the  head  of  the  mechanism  of  fecundation. 

In  the  muscular  structure  of  the  uterus,  are  nimieroua 
large  veins,  the  walls  of  which  are  closely  adherent  to  the 
uterine  tissue.  During  gestation,  these  vessels  become  en- 
larged, forming  the  so-called  uterine  sinuses. 

Lymphaticu  are  not  very  numerous  in  the  unimpregnated 
uterus,  but  they  become  largely  developed  duriug  gestation. 
They  exist  in  a  superficial  and  a  deep  layer,  the  deeper  veesela 
coming  from  the  muscular  substance,  and  probably  also  from 
the  mucous  membrane/ 

The  uterine  nerves  are  derived  from  the  inferior  hypo- 
gastric and  the  spennatic  plexuses,  and  the  third  and  fourth 
aacral.  In  the  substance  of  the  utei-us,  they  present  small 
collections  of  ganglionic  cells,  which  were  described  by  Dr, 
Robert  Lee,  in  1839/  According  to  Frankenhaeuser,  they 
paae  finally  to  the  nucleoli  of  the  muscular  fibres.* 

Th^  FaUopian  Tvles, — The  Fallopian  tubes,  or  oviducts, 
lead  from  the  ovaries  to  the  uterus.  They  are  shown  in  Fig. 
24,  one  being  applied,  by  its  fimbriated  extremity,  to  the 
ovary.  These  tubes  are  from  three  to  four  inches  long,  but 
the  length  is  not  always  equal  upon  the  two  sides.  They  lie 
between  the  folds  of  the  broad  ligament  at  its  upper  border. 
Opening  into  the  uterus  upon  either  side  at  the  comua,  they 
present  a  small  orifice,  about  ^  of  an  inch  in  diameter.  From 
the  cornua,  they  take  a  somewhat  undulatory  course  outward, 

I  Webkich,  Utiber  die  SrteH^m^fSh^ktU  de$  unUrm  UlenuabaehiUsa  umd 
iKr4  BidetUung.'-Bdr4g0  tur  O^burtthuifi  und  Gyndkoloffie,  Berlin^  1872,  Bd. 
L,  S.  206,  et  •tq. 

*  A  veiy  elabomte  article  upon  the  lymphfttics  of  the  unimpregnated  uterus 
liaa  lately  been  publiahcd  by  Dr.  Leopold^  of  Leipzig,  whlcti  cootaiuB  manj  new 
poiata  of  conBldt^rable  aruitooalcal  interest.  (LiopolO|  Die  L^mphgef&^H  dm  Mor* 
msUn^  mchi  9ehwtnfferfn  Uterm^ — Arehh  fur  Oynaekaioffie^  Berlin,  1873,  Bd. 
tI.,  B.  1,  «« teq:) 

*  Lxc,  Memoir  on  the  OangUa  and  Kcrvt*  of  tht  Uttrut^  London,  1S89. 

*  FiuxxxxBAXoant,  I^  Nerwn  der  Gcbatrmutttr^  Jcna»  1B67»  Sw  76,  Taf.  viiL 
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gradtmlly  increaamg  in  size,  so  that  they  are  rather  trumpet- 
shaped  Near  the  ovary,  they  turn  downward  and  back* 
ward.  The  extremity  next  the  ovary  is  marked  by  from  ten 
to  fifteen  fimhriBe,  or  fringes,  which  has  given  thi^  the  name 
of  the  fimbriated  extremity,  or  morsus  diaboli*  ill  1  of  these 
fringe-like  processes  are  free,  except  one ;  and  this  one,  which 
is  longer  than  the  others,  is  attached  to  the  outer  angle  of  the 
ovary,  and  pre^nts  a  little  gutter,  or  furrow,  extending  from 
the  ovary  to  the  opening  of  the  tube.  At  this  extremity,  is 
the  abdominal  opening  of  the  tube,  which  is  two  or  three 
times  as  lai^  as  the  uterine  opening.  Passing  from  the 
uterus,  the  caliber  of  the  tube  gradually  increases  as  the  tube 
itself  enlarges,  and  there  is  an  abrupt  constriction  at  the  ab- 
dominal opening. 

Beneuth  the  peritoneal  coat,  which  is  fonned  by  the  layers 
of  the  broad  ligament,  is  a  layer  of  connective  tissue^  con* 
taining  a  rich  plexus  of  blood-vessels.  This  constitutes  the 
proper  fibrous  coat  of  the  Fallopian  tubes. 

The  muscular  layer  is  compoj?ed  mainly  of  cb*cular  fibrea, 
of  the  non-striated  variety,  with  a  few  longitudinal  fibres 
prolonged  over  the  tube  from  the  external  muscular  layer  of 
the  uterus.  This  coat  is  quite  thick,  and  sends  bands  be- 
tween the  layers  of  the  broad  ligament  to  the  ovary,  which 
are  supposed  to  act  in  adapting  tlie  fimbriated  extremity  of 
the  tube  to  the  surface  of  the  ovaiy. 

The  mucous  membrane  of  the  tube  is  thrown  into  folda^ 
which  are  longitudinal  and  transverse  near  the  uterus,  and 
are  more  complicated  at  the  dilated  portion.  In  this  portion, 
next  the  ovary,  embracing  about  the  outer  two-thirds,  the  folds 
project  far  into  the  caliber  of  the  tube.  These  are  sometimes 
simple,  but  more  frequently  they  present  secondary  folds, 
often  meeting  as  they  project  from  opposite  sides.  This  ar^ 
rangement  gives  an  arborescent  appearance  to  the  membrane 
on  transverse  section  of  the  tube.  The  mucous  membrane  is 
covered  by  cylindrical  ciliated  epithelium,  the  movement  of 
the  cilia  being  from  the  ovary  toward  the  uterus.    At  the 
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mai^ns  of  the  fimbri£e,  the  ciliated  epithelium  is  continuous 
with  the  epithelium  of  the  peritoneum,  presenting  the  excep- 
tional example  of  an  opening  of  a  mucous-lined  tube  into  the 
cavity  of  the  peritoneum.  The  membrane  of  the  tubes  has 
no  mucous  glands. 

It  is  not  necessary  to  enter  into  a  minute  description  of 
the  external  organs  of  the  female.  Opening  by  the  rulva, 
externally,  and  terminating  at  the  neck  of  the  uterus,  is  a 
membranous  tulie,  the  vagina.  This  lies  between  the  bladder 
and  the  rectum  ;  it  is  curved,  being  about  four  inches  long  in 
front,  and  five  or  six  inches  long  posteriorly.  There  is  a  con- 
stricted portion  at  the  outer  opening,  where  we  have  a  muscle, 
called  the  sphincter  va^nse,  and  the  tube  is  somewhat  nar- 
rowed at  its  upper  end,  where  it  embraces  the  cervix  uterL 
The  inner  surface  presents  a  mucotis  membrane,  marked  by 
transverse  rugse,  with  papilla  and  mucous  glands.  Its  sur- 
face is  covered  with  flattened  epithelium.  The  vagina  is 
quite  extensible,  as  it  must  be  during  parturition,  to  allow 
the  passage  of  the  child.  It  presents  a  proper  coat  of  dense 
fibrous  tissue,  with  longitudinal  and  circular  muscular  fibrea 
of  the  non-striated  variety.  We  have,  also,  surrounding  it, 
a  rather  loose  erectile  tissue,  which  is  most  prominent  at  its 
lower  portion. 

The  parts  composing  the  external  organs  are  abundantly 
supplied  with  vessels  and  nerves.  In  the  clitoris,  which  cor- 
responds to  tlie  penis  of  the  male,  and  on  either  side  of  the 
vestibule,  we  find  a  true  erectile  tissue. 
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CHAPTER  Xn. 

THE    OVXJM     AND    OVULATION. 

Structure  of  the  ovum — ^Vitelline  membrane— VitelluB — Germiiud  vesicle  and 
germinal  spot — ^Discharge  of  the  ovum — ^Passage  of  ova  into  the  Fallopian 
tubes — Puberty  and  menstruation — Description  of  a  menstrual  period- 
Characters  of  the  menstrual  flow — Changes  in  the  uterine  mucous  mem- 
brane during  menstruation — Changes  in  the  Graafian  follicle  after  its  rupture 
(corpus  luteum) — Corpus  luteum  of  pregnancy. 

We  have  now  to  study,  as  a  necessary  introduction  to  the 
history  of  development,  the  structure  of  the  ripe  ovum,  the 
mechanism  of  its  discharge  from  the  Graafian  follicle,  and 
the  phenomena  which  attend  the  process  of  ovulation. 

Anterior  to  1827,  there  was  much  discussion  among  physi- 
ologists,  with  regard  to  the  production,  discharge,  etc.,  of  the 
female  element  of  generation.  In  1827,  Von  Baer  distinctly 
described  the  ovum  in  man  and  mammals,  noted  its  relations 
to  the  Graafian  f  oUicle,  concerning  which  there  had  been  great 
confusion,  and  designated  it  as  the  veritable  ovum,  destined 
to  be  developed  into  the  foetus.*  From  this  description.  Von 
Baer  is  regarded  as  the  discoverer  of  the  human  ovum ;  not 
so, much  because  he  was  the  first  to  see  it,  for  imperfect 
descriptions  of  the  ovum  had  been  given,  in  rabbits,  dogs, 
etc.,  many  years  before,  but  for  the  reason  that  his  descrip- 
tion was  the  most  accurate,  and  settled  several  important 
points  of  dispute. 

'  I>E  Baer,  Lettre  tur  la  formation  de  Vcmf  dans  Vesp^  humaine  d  dans  let 
mammiferes. — PublUepar  G.  Breschet,  Paris,  1829,  p.  33.  This  letter  was  ad- 
drosacil  to  the  Imperial  Academy  of  Sciences  of  St  Petersburg,  and  was  origi- 
nally published  at  Leipzig,  in  1827. 
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S^rw^re  of  the  Ovum, 

The  ripe  ovum,  as  we  have  already  indicate  lies  in  the 
Graafian  folliclej  embedded  in  the  mass  of  cells  which  con- 
stitutes the  discus  proligenis.  Within  the  discus,  suiTound- 
ing  the  ovum,  there  seem  to  be  two  kinds  of  cells ;  first,  cells 
evidently  belonging  to  the  Graafian  follicle,  and  similar  to 
the  cells  in  other  parts  of  the  membrana  granulosa ;  second, 
a  single  layer  of  columnar  cells,  belonging  to  the  ovum, 
and  probably  concerned  in  the  production  of  the  proper 
membrane  of  the  ovum,  the  vitelline  membrane.  Regarding 
the  vitelline  membrane  as  the  external  covering,  we  can  see, 
in  the  ovum,  a  clear,  transparent  membrane,  a  granular  mass, 
the  vitellufi,  filling  tliis  membrane  completely,  a  large,  clear 
nucleus,  called  the  germinal  vesicle,  and  a  nucleolus,  called 
the  germinal  spot. 

The  size  of  the  ripe  ovimi,  in  tlie  human  subject  and  in 
mammals,  is  about  -j^  of  an  inch,  and  it^  form  is  globxilan 

The  external  membrane  is  clear,  apparently  structureless, 
quite  strong  and  resisting,  and  measures  about  j^jj  of  an 
ineli  in  thickness.  As  it  fonns  a  transparent  ring  in  the  mass 
of  cells  in  which  the  ovum  is  embedded,  this  is  sometimes 
called  the  zona  pellueida.  According  to  recent  researches,  it 
seems  that  the  primordial  ovum  has  at  fii'st  no  special  invest- 
ing membrane ;  as  it  develops,  it  presents,  surrounding  the 
vitellus,  a  single  layer  of  colanmar  cells ;  at  the  deepest  por- 
tion of  these  cells,  a  homogeneous  basement  membmne  is 
gradually  formed  ;^  and  the  cells  undergo  a  sort  of  cuticnlar 
transformation,  becoming  finaDy  the  vitelline  membrane,* 

An  important  point,  in  this  oonnectiou,  is  the  question  of 
the  existence  of  pores,  or  perforations  in  the  vitelline  mem* 
brane.  As  we  shall  see  farther  on,  there  can  be  no  doubt  as  to 
the  actual  penetration  of  the  epermatozoids  through  this  mem- 
bran^,  so  that  they  come  in  contact  with  the  viteUus ;  and  it  is 

1  WjitDXTXB,  in  Striccer,  Manual  cf  Human  and  O^mparaHve  Sktoloff^f 
The  New  Sydenluiiii  Sodetj,  London,  161%  toL  U.,  p.  177. 
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in  tliis  way  that  the  ovnm  is  fecundated.  In  the  osseous  fishes, 
there  seems  to  be  no  question  with  regard  to  the  existence  of 
numerous  pores  in  the  vitelline  membrane ;  but  these  are  not 
80  easily  demonstrated  in  the  ova  of  mammals.  Many  years 
ago,  Barry  described  and  figured  a  large  opening,  or  micro- 
pyle,  in  the  ovum  of  the  rabbit,  in  which  he  thought  he  dis- 
tinguished, on  one  occasion,  a  spermatozoid  half-way  through 
the  membrane ; '  but  this  was  probably  an  accidentid  rupture. 
A  so-called  micropyle  has  been  described  by  Keber,  in  certain 
moUusts,'  the  existence  of  which  is  admitted  by  Coste,  though 
he  doubts  the  observation  in  which  Keber  described  a  sper- 
matozoid, with  the  tail  detached,  in  the  act  of  penetrating 
the  membrane.  Coste  himself  states  that  the  micropyle  is 
seen  with  distinctness  in  the  osseous  fishes,  as  the  salmon, 
trout,  etc.  "  At  the  bottom  of  an  umbilicus,  visible  with  a 
simple  loop,  the  vitelline  membrane  is  pierced  with  a  micro- 
scopic orifice,  clearly  defined,  provided  internally  with  a  little 
valve." '  Admitting  the  existence  of  a  micropyle  and  pores 
in  the  vitelline  membrane,  in  fishes  and  mollusks,  it  is  certain 
that  openings  are  very  much  more  indistinct,  if  they  can  be 
seen  at  all,  in  the  ova  of  mammals ;  still,  the  fact  of  the  ac- 
tual penetration  of  spermatozoids  almost  of  necessity  presup- 
poses the  presence  of  orifices.  We  have  often  thought,  in 
studying  this  subject,  that  it  must  be  difficult,  examining  a 
perfectly  transparent  and  homogeneous  membrane  in  water, 
which  would  fill  up  all  pores,  to  distinguish  any  openings, 
and  have  been  disposed  to  admit  their  presence,  mainly  be- 
cause the  spermatozoids  are  known  to  pass  through.  The 
idea  of  their  existence  in  mammals  certainly  receives  sup- 
port from  analogy  with  the  lower  orders  of  animals. 

The  vitellus,  called  the  principal  yolk  or  the  fonnative 

'  BARRTf  BesearcKet  in  Embryology. — Philotophical  Tramactions^  London, 
1889,  Part  ii.,  p.  533. 

'  Keber,  Ueber  den  Einiritt  der  Samemelien  in  das  Ei^  Eonigsberg,  1853,  S. 
18,  el  $eg. 

*  Coste,  Devehppemeni  det  corps  organUh^  Paris,  1859,  tome  ii.,  p.  106. 
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yolk,  contains  the  elements  which  are  to  undergo  develop- 
ment into  the  embiyon.  It  is  composed  of  a  fiemifliiid  mass, 
containing,  in  addition  to  the  germinal  vesicle,  niimerotis 
granules.  Some  of  these  granides  are  large,  strongly-refract- 
ingj  globular  bodies,  which  are  so  bright  and  so  numerous, 
that  they  obscm^o  the  other  parts  of  the  vitellus.  Between 
these,  are  numerous  albuminoid  granules^  much  smaller  and 
not  so  distinct. 

The  germinal  vesicle,  sometimes  called  the  vesicle  of  Pur- 
kinje,*  is  the  euhirged  nucleus  of  the  primordial  ovum.'  It 
is  a  clear,  globular  vedcle,  about  j^  of  an  inch  in  diameter, 
embedded  in  the  vitellus,  its  position  varying  in  different 
ova.  It  presents  in  its  interior  a  number  of  fine  granules, 
and  a  large,  dark  spot,  called  the  genninal  spot,  or  the  spot 
of  Wagner,'  which  measures  about  ^^Vir  ^^  ^^  ^^^^  ^  diam- 
eter. This  spot  corresponds  to  the  nucleolus  of  the  primor- 
dial ovum.  In  mammals,  the  mature  ovum  contains  but  one 
germinal  vesicle  and  one  germinal  spot.  The  observation  of 
Kolliker,  who  noted,  as  a  rare  exception,  two  vesicles  in  a 
human  ovum,  has  not  been  confirmed.*  The  various  points 
we  have  described  ai*e  illustrated  lu  Fig*  29. 

'  Purkinje  [Symh^l^w  ad  Ovi  Avwm  Mttforiam  anie  Incuhaiionem^  LipBiia, 
1630)  WAS  the  first  to  deacribe  this  Teeicle  in  Ute  ova  of  birds.  The  onginftl 
work  of  Parkioje  wha  not  regularly  published  until  ISSO,  haying  been  fii^  pre* 
senied,  in  1S26|  at  a  reunion  to  celebrate  the  fiftieth  anniTersarj  of  the  doctorate 
of  Blumenbach.  CoBte  {Bwdopp^merU  dm  corpt  arffonUU,  Paris,  1847,  tome  L^ 
p.  1 U,  if  teq.)  dJacoTered  this  reslcle  in  the  mammaHan  OTum,  his  first  publication 
bearing  the  date  of  1834.  In  his  large  work^  Coste  seems  to  completelj  rofbte 
the  claims  of  Bernhardt  and  of  Wharton  Jones  to  the  diaoovcry  of  the  germinal 
reside  in  maounals. 

"  The  ideas  which  hare  obtained  within  the  last  few  jeare  with  regard  to  the 
def elopmeot  of  mature  ora  from  simple  cells,  called  primordial  ots,  were  td^ 
iraneod  by  Robin,  as  early  as  1862.  (Boouf,  Mhnoire  gur  kt  phSiumhun  ^ 
we  pcutBtfU  dam  Votmhi  avani  la  aegmtntaiion  du  viielliu. — Jowtud  dt  h  jih^ivdo^ 
Paris,  1862,  tome  v.,  p.  «7»  tt  jwy.) 

•  Waokbh,  ProdromuK  Bistmia  QtneraHtmU  Bvtninit  aifm  Ammaiium^  Up- 
sias,  1S36,  p.  4. 

*  KottiKKB,  AhmU  d'hitioio^  hmmmn$,  Paris,  1868,  p.  700. 
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the  non-va&enlar  portion,  situated  at  the  very  surface  of  the 
ovary,  undergoes  fatty  degeneration,  by  which  this  part  of  the 
wall  becomes  gradually  weakened.  At  the  same  time,  at  the 
other  portions  of  the  follicle,  there  is  a  growth  of  celk,  which 
project  into  the  interior,  and  an  extension,  into  the  interior, 
of  blood-vefisels  in  the  form  of  loops.  These  processes,  with 
an  increase  in  the  pi-essure  of  liquid  and  the  fatty  degenera- 
tion of  the  macula,  cause  the  follicle  to  burst ;  and,  with  the 
liquid,  the  discus  proligerus  and  the  ovum  are  expelled.  The 
formation  of  a  cell-growth  in  the  interior  of  the  follicle  is 
really  the  beginning  of  the  corpus  lutemn ;  and  this  occurs 
some  time  before  the  discharge  of  the  ovum  takes  place.  It 
is  a  disputed  question  whether  or  not  a  heemorrhage  occurs 
into  the  follicle  at  the  time  of  its  ruptin^.  Tliis  may,  and 
tindaubtedly  does  sometimes  occur,  but  it  cannot  be  i*egarded 
as  constant,  and  has  been  denied  by  many  observers. 

The  time  at  which  the  follicle  ruptures,  particularly  with 
reference  to  the  menstrual  period^  is  probably  not  deJBnite ; 
but  it  is  certain  that,  while  sexual  excitement  may  hasten  the 
discharge  of  an  ovum  by  producing  a  greater  or  leas  tendency 
to  congestion  of  the  internal  organs,  ovulation  takes  place  in- 
dependently of  the  act  of  coition.  The  opportunities  for  do- 
termining  this  fact  in  the  human  female  are  not  frequent ; 
but  it  has  been  fully  demonstrated  by  obsen^ations  upon  the 
inferior  animals,  and  there  is  now  no  doubt  with  r^ard  to 
the  identity  of  the  phenomena  of  nit  and  of  menstruation. 
It  is  useless,  at  the  present  day,  to  enter  into  an  elaborate 
discussion  of  this  point,  which  occupied  so  ranch  the  atten- 
tion of  the  earlier  writers.  From  the  earliest  times,  it  was 
recognized,  not  only  that  women  became  f mitful  only  after 
the  appearance  of  the  menses,  but  that  sexual  intercourse  was 
most  likely  to  be  followed  by  conception  when  it  occurred 
near  the  periods  ;  a  point  which  we  shall  discuss  more  fully 
under  the  head  of  fecundation.  When  it  was  recognized  that 
rupture  of  Graafian  follicles  was  followed  by  the  formation 
of  corpora  lutea,  it  became  easy  to  verify  the  supposition 
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that  the  ova  were  discharged  at  regular  intervalB,  by  an  ex- 
ajiiination  of  the  ovaries  in  women  who  had  died  suddenly ; 
and  such  observations,  showing  corpora  Intea  in  virgins,  de- 
monstrated that  ovulation  was  not  neceesarilj  dependent  upon 
coitus/ 

Observations  upon  the  lower  animals  have  shown,  not- 
withstanding the  fact  of  diadiarge  of  ova  without  copulsr 
tion  or  even  the  sight  of  the  male,  that  mxunl  excitement  has 
a  certain  influence  upon  ovulation.  The  experiments  of 
Coste  upon  this  point  are  very  interesting.  This  observer 
noted  that,  in  rabbits  killed  from  ten  to  fifteen  hours  after 
c<>pulationj  there  was  evidence  of  the  recent  discharge  of 
ova.  In  two  experiments,  however,  he  took  female  nibbits  in 
heat  and  manifesting  the  greatest  ardor  for  the  male,  pre- 
sented tliem  to  the  male,  in  order  to  show  that  they  were 
really  in  heat,  but  carefully  prevented  copulation.  This  was 
done  for  three  days  in  succession,  there  being,  on  each  occa- 
sion, a  manifest  desire  for  the  approach  of  the  male.  One 
rabbit  was  killed  on  the  third  day,  while  still  in  heat ;  and 
six  distended  Graafian  follicles  were  found  in  one  ovary  and 
two  in  t!ie  other ;  but  tliere  was  no  trace  of  ruptured  f  oUicles- 
The  other  rabbit  ceased  to  be  in  heat  on  the  fourth  day  and 
was  killed  on  the  fifth*  This  animal  presented  seven  distend- 
ed follicles  on  one  side,  and  one  on  the  other,  but  no  ruptured 
follicles,*  From  these  and  other  experiments  on  the  lower  ani- 
mals, there  seems  to  be  no  doubt  that  copulation  hastens  the 


1  For  nitmeioaB  dlatiooB  upon  this  point,  the  reader  is  referred  to  Coete  (IM- 
wdo^muni  dti  eoirp§  oryamiaH,  pAiia,  1847,  tome  !.,  p.  195,  et  n^.).  In  18^7* 
Coste  (EmbfyoffkUe  comparie^  Farid,  1SS7,  tome  l^  p,  454)  published  an  Aecount 
of  periodical  ovulation  in  mammala  occnrring  independently  of  copolAtion  ;  but 
be  Admits  that  K^grier  anticipated  faim,  bj  aereml  years,  in  a  eommnnicatiofk 
made  to  tb«  SociiU  de  medecine  d^Angtn^  in  183 1,  altbough  this  was  not  pab- 
limbed  nntit  1840.  The  ob«errstloiii«  of  N6grier  are  all  the  more  interesting,  as 
they  were  made  upon  the  banuui  female.  (Kegrikr,  Jiechtrehe§  anatomi^vm  «i 
pkiffioloffiquet  tttr  /«  otMiret  dmu  r^*p^  humaine^  Pari*,  1840.)  In  fhe  prefiice 
to  thla  work,  K^grier  diBcusscfl  the  question  of  priority  of  bi«  inre^tigations. 

*  Cosn,  I>i9tk^jpemmi  dm  tforjm  orfftrnhh.  Fans,  1847,  tome  i.,  p.  188,  H  §tq. 
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rnpture  of  ripe  Graafian  follicles ;  bat,  on  the  other  hand,  it 
is  equally  true  that  folliclea  rupture  independently  of  the 
sexual  act.  Bischoff,  who  first  entertained  the  view  that  the 
contact  of  the  spemiatozoids  with  the  ovary  was  necessary 
for  the  rupture  of  a  follicle,*  afterward  actually  discovered 
ova  in  the  Fallopian  tubes  in  sheep,  bitches,  sows^  etc.,  during 
the  rutting  period,  when  copulation  had  been  prevented." 

To  return  to  the  phenomena  which  attend  ovulation  in 
the  human  subject,  there  is  every  reason  to  suppose,  at  l^ist 
from  analogy,  tlrnt  the  excitement  of  the  genital  organs 
during  sexual  intercourse  may  determine  the  rupture  of  a 
ripe  Graafian  follicle.  At  stated  periods,  marked  by  the  phe- 
nomena of  menstruation,  one,  and  sometimee  more  Graafian 
follicles  become  distended  and  usually  rupture  and  discharge 
their  contents  into  the  Fallopian  tubes,  Tliis  discharge  of 
an  ovum  or  ova  may  occur  at  the  beginning,  at  the  eud,  or  at 
any  time  during  the  continnance  of  the  menstrual  flow. 
Upon  tliia  point,  the  observations  of  Coste,  although  they 
were  made  many  years  ago,  seem  entirely  conclusive.  In  a 
woman  who  died  on  the  first  day  of  menstruation,  he  found 
a  recently-ruptured  follicle ;  in  other  instances,  at  a  more  ad- 
vanced period  and  toward  the  decline  of  the  menstrual  flow, 
he  found  evidences  that  the  rupture  had  occurred  later ;  in 
the  case  of  a  female  who  drowned  herself  f oiu-  or  five  days 
after  the  cessation  of  the  menses,  a  follicle  was  found  in  the 
right  ovary,  so  distended  that  it  was  ruptured  by  very  slight 
pressure ;  and  other  instances  were  observed  in  which  folli- 
oles  were  not  ruptured  during  the  menstrual  period.  The 
most  striking  case  of  this  kind  was  of  a  young  girl,  nineteen 
years  of  age,  who  committed  suicide  fifteen  days  after  the 
menstrual  period.      Tlie  ovaries  were  examined  with  the 


>  Biscuorr,  Trmii  du  dhehpptmftti  4k  thamme  rt  dm  mamfniferm, — Ene^ 
itopidii  anaiomique,  Faris^  1868^  lome  ttII^  p.  21* 

'  BiscHOiT,  8i$r  h  mnturafion  H  U  chute  piriodifw  ds  Vcmf  dd  thonmM  «t 
det  mammi/hrft,  ind^'prndammmt  de  la  fk^ondaiion. — Ann^m  de^  teienem  naiU' 
rdltt,  Zooiogif,  Paris,  1844^  Sine  s^rie,  tome  iLj  p.  124»  «r  a§q. 
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greatest  care.  <'  By  the  side  of  the  Graafian  veeiclea  lai^gejt]^ 
developed^  were  found  traces  of  ruptured  Teaidea ;  but  the 
oorporg  lutea  were  evidently  too  old  to  be  reasonably  referred 
to  the  last  menstruation ;  the  Graafian  ve^icle^  consequently, 
had  not  matured,  or  at  least  hud  been  arrested  in  its  develop- 
ment/' 

In  conclusion,  remembering  that  coitus  may  hasten  the 
rupture  of  ripe  follicles,  we  may  quota  the  following  as  rep- 
resenting what  we  know  of  the  relations  between  ovulation 
and  menstruation : 

"  As  a  summary,  then,  of  all  the  facts  that  I  have  ob- 
served, I  believe  it  to  be  conclusive,  that,  in  the  human  fe- 
male, there  is  always,  at  each  menstrual  period,  as  during  the 
condition  of  rut  in  mammids,  a  vesicle  of  the  ovary  which 
has  a  marked  preponderance  over  the  others  ;  that  it  sponta- 
neously arrives  at  maturity,  and,  most  generally,  is  ruptured 
at  some  time  during  this  period  to  give  issue  to  the  ovum 
which  it  contains ;  but  there  are  cases,  also,  in  which,  in  the 
absence  of  sufficiently  favorable  conditions,  this  distended 
vesicle  cannot  accomplish  this  end,  and,  as  in  mammals  again, 
may  remain  stationary  or  be  entirely  reabsorbed." ' 

Passage  of  Ova  irUo  the  FaUopian  Tuhes. 

The  fact  that  the  ova,  in  the  great  majority  of  instanoes, 
pass  into  the  Fallopian  tubes,  is  sufficiently  evident.  The 
fact,  also,  that  ova  may  fall  into  the  cavity  of  the  peritonexun 
is  shown  by  the  occasional  occurrence  of  extra-uterine  preg- 
nancy, a  rare  accident,  which  shows  that,  in  all  probability^ 
the  failure  of  unimpregnated  ova  to  enter  the  tubes  is  excep- 
tional. AVhen  we  come,  however,  to  the  mechanism  of  the 
pasaage  of  the  ova  into  the  tubes,  the  explanation  is  difficult. 

At  the  present  time,  tliere  are  two  theories  ;  one,  in  which 
it  is  supposed  that  the  fimbriated  extremities  of  the  tubes, 
at  the  time  of  rupture  of  the  Graafian  follicles,  become 
adapted  to  the  surface  of  the  ovaries ;  and  the  other,  that  the 

^  Costs,  Dhfdoppemmt  </«*  carpi  or^anth,  Paris,  IS47|  tome  I,  p.  222 
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ova  are  mnied  to  tlie  openings  of  the  tubes  by  ciliary  cur- 
rents. Neither  of  these  theories  is  capable  of  actual  demon- 
Btration  ;  and  we  can  only  judge  of  their  probable  correctness 
from  anatomical  facta,  Roiiget,  an  earnest  advocate  of  the 
first-mentioned  theorj^,  has  given  an  exact  description  of  the 
muscular  structures  connected  with  the  tubes  and  ovaries. 
We  have  already  seen  that  one  of  the  fimbria  of  the  tube  is 
longer  than  the  others,  and  is  attached  to  the  outer  angle  of 
the  ovary.  The  other  fimbrire  are  unattached,  and  are  dis- 
tant from  about  half  an  inch  to  an  inch  from  the  ovarian  sur- 
face- According  to  this  observer,  there  is  a  double  layer  of 
muscular  fibres,  passing  from  the  lumbar  region  of  the  uterus 
and  embracing  the  whole  of  the  dilated  portion  of  the  tube  ; 
and  the  action  of  these  fibres  must  draw  the  extremity  of  the 
tube  toward  the  ovary  and  apply  it  to  its  surface/  That  the 
musculai'  fibres  described  by  Eouget  exist,  there  can  bo 
scarcely  a  doubt ;  but  that  their  action  is  essential  to  the  pas- 
sage of  ova  into  the  Fallopian  tul>es,  is  a  question  for  discus- 
sion. If  we  could  assume  with  certainty  that  the  ova  are  dis- 
charged only  during  sexual  intercourse,  or  that  follicles  are 
usually  ruptured  as  a  consequence  of  pressure  exerted  by  the 
muscular  action  described  by  Eouget,  this  theory  would  be 
rendered  exceedingly  probable,  to  say  the  least ;  but  the  facte 
do  not  admit  of  this  exclusive  view.  However,  observations 
upon  the  lower  animals,  particularly  rabbits,  have  shown  that 
copiilAti<m  actually  hastens  the  discharge  of  ova  from  ripe 
Graafian  follicles ;  but  it  must  be  a  question  of  theory  sim- 
ply, whether  the  act  be  attended  with  the  muscular  contrac- 
tion indicated  by  Eouget,  or  whether  there  be  a  determina- 
tion of  blood  to  the  ovary,  which  produces  an  additional 
tendency  to  rapture  at  this  time.  We  can  hardly  adopt  uni'o- 
servedly  the  theory  of  Eouget,  unless  it  be' evident  that  there 
is  no  other  way  in  which  the  ova  can  enter  the  tubes.     The 

*  RouatTf  Hi^erehet  ffur  lit  or^mn  iMtHltt  d«  la  femmt^  et  sur  PapparfU 
musenlaire  /ufro-ovomyt,  dtms  irur$  mpporit  avte  Vovtdaii&ti  «f  la  mtfuiruaHMi,^^ 
Joumnf  de  h  ph^Hotogie^  Paris,  ISliS,  tome  I,  p.  748. 
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fact  is  that,  in  the  Imman  female,  an  ovum  may  be  dis- 
charged at  the  begiaiiiiig  of  menstmation^  at  any  time  during 
the  flow,  or  even  after  the  flow  has  ceased ;  and  it  ie  more 
than  probable  that  pressure  within  the  follicle  alone  may 
cause  its  rupture,  and  that  this  may  occur  independently  of 
sexual  excitement*  la  view  of  theee  facts^  while  we  cannot 
deny  that  the  fimbriated  extremities  of  the  tubes  may,  by 
muscular  action,  be  approximated  toward  the  surface  of  the 
ovary,  we  cannot  admit  that  such  an  action  is  constant,  or 
that  it  is  necessary  to  the  passage  of  ova  into  the  tubes, 
though  the  theory  of  Kouget  has  been  adopted,  entirely  or  in 
part,  by  some  writers  of  authority,' 

If  we  take  into  account  the  situation  of  the  ovaries  and 
the  relations  of  the  Fallopian  tube®,  we  can  understand  how 
an  ovum  may  pajss  into  the  tube,  without  invoking  the  aid  of 
muscular  action.  Let  us  suppose,  for  example,  that  a  Graa- 
fian foUicle  be  ruptured  when  the  fimbriated  extremity  of  the 
tube  is  not  applied  to  the  surface  of  the  ovary.  One  of  the 
fimbriae,  longer  than  the  others,  is  attached  to  the  outer  an- 
gle of  the  ovary,  and  presents  a  little  furrow,  or  guttei^  lead- 
ing to  the  opening  of  the  tube.  This  furrow  is  lined  by  cili- 
ated epitheUum,  as  indeed,  is  the  mucous  membrane  of  all 
of  the  fimbriae,  the  movements  of  which  produce  a  current  in 
the  direction  of  the  opening,  which  we  might  suppose  would 
be  sufficient  to  carry  a  little  globule,  only  yj-j-  of  an  inch  in 
diameter,  into  the  tube.  At  the  same  time,  there  is  probably, 
as  has  been  suggested  by  Becker,*  a  constant  flow  of  liquid 
over  the  ovarian  surface,  directed  by  the  ciliary  current  tow- 
ard the  tube ;  and  when  the  liquid  of  the  ruptured  follicle  is 
discharged,  this,  \^4th  the  ovum,  takes  the  same  course. 

In  all  probability,  what  we  have  just  described  is  the 
mechanism  of  the^  paasage  of  the  ova  into  the  Fallopian 

'  LoNorr,  TmiU  de  ph$MogU^  ruriB,  1869,  tome  tiLf  p.  828 ;  Katuxnt, 
AhnwKti  ^hktotogu  AwmanM,  Puis,  18^  {».  716. 

■  Bkoeib,  Uthfr  FUmmfrtpUMmn  mmd  FUmmerhm^pmff  im  OMeMteMm^ 
parMt  der  Saugtlhiert  und  <2e»  MmnkOL — UideMmkmffm  fvr  Noimrkkt€  dm 
Mm^km  imd  der  Thiert^  Fhmkfiut  &.  It,  1867,  Bii  il»  a  92. 
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tubes ;  aud  it  is  possible  that  the  fimbriated  extremity  may 
be  drawn  toward  the  ovarian  surface,  though  we  can  hardly 
understand  how  it  can  be  closely  applied  to  the  ovary  and 
exert  any  considerable  pressure  upon  the  distended  follicle. 
It  is  proper  to  note,  also,  that  the  conditious  dependent  upon 
the  currents  of  liquid  directed  by  the  movements  of  cilia 
are  constant,  and  could  influence  the  passage  of  an  ovum  at 
whatever  time  it  might  be  discbarged,  while  a  muscular  action 
would  be  more  or  less  intermittent. 

It  is  somewhat  difficult  to  understand  the  exact  mechan- 
ism  of  the  paasage  of  an  ovum  discharged  from  an  ovary 
into  the  Fallopian  tube  upon  the  opposite  side,  although  it 
cannot  be  doubted  that  this  Bometimea  occurs.  Schroeder 
has  collected,  from  various  authors,  the  reports  of  several 
casea,  in  which  an  ovmn  has  been  dischai^ged,  has  found  it^ 
way  into  the  uterus,  and  has  undergone  development,  one 
tube  being  closed  and  the  corpus  luteum  existing  upon 
the  side  on  which  the  tube  was  impervious.  In  some  lu- 
Btanoefi  in  wliich  the  corpus  luteimi  has  been  found  on  the 
aide  on  which  the  tube  waa  closed,  tubal  pregnancy  haa  oc^ 
curred  upon  the  opposite  side.*  In  these  cases,  the  ovum 
must  have  passed  across  the  nt^us.  It  ia  possible  that,  the 
subject  lying  upon  one  side,  a  current  of  liquid  juay  have 
taken  a  direction  from  the  ovary  to  the  opposite  tube,  but 
this  can  be  only  a  mere  supposition. 


Puberty  and  Meiutmiation. 

At  a  certain  period  of  Ufe,  usually  between  the  age  of 
thirteen  and  of  fifteen  years,  the  human  female  undei^oes  a 
remarkable  change  and  arrives  at  what  is  termed  the  age  of 
puberty-  At  this  time,  there  is  a  marked  increase  in  the 
general  development  of  the  body ;  the  limbs  become  fuller 
and  more  rounded ;  a  growth  of  hair  makes  its  appearance 
upon  the  mens  veneris ;  the  mammary  glands  increase  in  size 

'  ScHROEDtn,  LArbwkdtr  Geburtahi^f^,  Bonn,  1S71,  3.  19. 
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and  take  on  a  new  stage  of  development ; '  Graafian  f allicles 
enlarge,  and  one  or  more  approach  tLe  condition  favorable  to 
rapture  and  the  discharge  of  ova.  At  this  time,  alao,  certain 
changes  are  observed  in  the  moral,  as  well  as  in  the  physical 
attributes  of  the  female.  There  is  then  a  sort  of  indefinite 
consciousness  of  a  capacity  for  new  functions,  with  an  inde- 
scribable change  in  feeling  for  tlie  opposite  sex,  due  to  the 
first  development  of  sexual  instincts.  The  female  becomes 
capable  of  impregnation,  and  continues  so,  in  the  absence  of 
pathological  conditions,  until  the  cessation  of  the  menses. 

It  ia  a  commonly-rec-ognized  fact  that  the  age  of  puberty 
is  earlier  in  warm  than  in  cold  climates;  and  numerous  in- 
stances ai^  on  record,  in  which  the  menses  have  appeared  ex- 
ceptionally, much  before  the  usual  period.  Generally,  at  the 
age  of  forty  or  forty-five,  the  menstrual  flow  becomes  irregu- 
lar ;  it  occasionally  loses  its  sanguineous  character,  and  it  usu- 
ally ceases  at  about  the  age  of  fifty  years.  Sometimes  it  is 
said  that  the  menses  return,  with  a  second  period  of  fecundity, 
though  this  is  rare.*  According  to  most  writers,  while  climate 
lias  a  certain  influence  over  the  time  of  cessation  as  well  as 
the  first  appearance  of  the  menses,  this  is  not  very  marked. 
When  the  menses  appear  early  in  life,  they  usually  c^se  at  a 
correspondingly  early  period ;  but  this  is  by  no  means  con- 
stant. There  are,  also,  numerous  exceptions  to  the  ordinary 
limits  to  the  period  of  fecundity.  Haller  observed  a  case  of 
a  young  girl,  nine  years  of  age,  who  had  menstruated  for  sev- 
eral years,  and  others,  who  had  l>ecome  pregnant  at  nine,  ten, 
and  twelve  years.  He  also  quotes  cases  of  women  who  have 
been  fruitful  at  from  fifty-four  to  seventy  years  of  age.* 
Other  instances  of  this  kind  are  on  record,*  which  it  is  un- 

'  For  an  account  of  the  changes  in  the  mammai^  glandi  at  puberty,  see  toL 
ill,  Secretion,  p,  76. 

*  Cases  of  thlB  kind  were  noted  bj  Halkr.    (Eleinmia  /%fi(i%ui,  B«niie, 
1766,  tomuii  TU.,  para  ii.,  p.  141.) 

■  Bitim,  op,  cU,^  pp.  139,  142. 

*  In  A  recent  pfiblioatioa,  MTeral  bterestlng  eiampTes  ure  given  of  eorlj  mm- 
•Iruatiun  and  CODCeptkm.     (SABHts,  Earfy  /V«yiia#M*y» — Amrriran  Journal  of 
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necessaiy  to  quote.    The  occurrence  of  pregnancy  after  the 
age  of  fifty  or  fifty-five  is  certainly  doubtfuL 

Menetruation. 

It  is  mmecessary  to  discuss  farther  the  correspondence 
between  menstruation  in  the  human  female  and  the  condi- 
tion of  heat  in  the  lower  animals,  as  we  have  already  seen, 
uAder  the  head  of  o%ail^ioUj  tliat  these  two  conditions  are 
essentially  identical.  In  the  lower  animals,  tlie  female  will 
admit  the  male  only  at  the  period  of  heat ;  and  in  some  ani- 
mals in  the  savage  state,  it  is  only  at  this  time  that  the  male 
is  capable  of  copulation.  The  variations  in  sexual  tempera^ 
ment  in  the  human  female  are  so  considerable,  and  the  senti- 
ments toward  the  opposite  sex  are  so  subordinate  to  artificial 
conditions  of  society  and  civilixation,  that  it  is  difficult  to  es- 
tablish a  parallel,  in  this  regard,  between  her  and  the  lower 
animals.  Some  feuiales  rarely  or  never  experience  sexual 
excitement  and  have  no  orgasm  during  intercourse;  while 
others  are  capable  of  sexual  ardor  at  any  time.  Women  who 
are  in  the  habit  of  promiscuous  relations  with  the  other  aox 
frequently  lose  the  sexual  feeling  and  simidate  excitement 
during  coitus.  It  is  very  diflicult,  indeed,  to  say  positively 
how  far  the  facts  observed  in  the  lower  animals  are  appli- 
cable  to  the  hnaian  subject,  as  we  must  depend  largely  upon 
Btatementa  which,  of  themselves,  are  entitled  to  but  little  con- 
sideration. It  is  neveilheless  true  that-,  in  some  women,  sex- 
ual desire  is  decidedly  marked  just  after  the  cessation  of  the 
menses,  and  in  many,  it  really  exists  at  no  other  time.  StUl, 
mercenary  or  other  considerations  may  induce  women  to  ad- 
mit intereoui'se  at  any  time,  and  the  sexual  orgasm,  and  even 
fecundation,  may  at  any  time  occur.  As  a  rule,  the  female 
yields  to  advances  made  by  the  male,  and  is  reputed  to  expe- 
rience a  less  degree  of  sexual  desire  and  ardor,  though  tliis  has 
marked  exceptions.    It  is  probably  true  that,  eliminating,  as 

Ob*(eir(f»,  Nev  Tork,  18H,  voL  rl,  p.  571,  rf  wy.  /  tnd,  7hit%§adioM  of  the 
Fhiladflphia  Ob»iHriixd  Sockt^,^J\Ad.,  p.  637,  tt  mq,) 


aENZKATION. 


&r  as  we  can,  all  conaiderations  except  those  of  a  purely  aex- 
xud  character,  there  is  less  of  a  promiBcuota  feeling  for  the 
(^posite  eex  in  females  than  in  males,  and  that  eerual  de^re, 
flfiide  from  feelings  of  fatigue  or  satiety,  is  sometimes  mark- 
edly periodical  in  women.  If  we  may  take  certain  indi- 
vidual cases  as  representing  physiological  conditions,  it  ap- 
pears that^  in  some  women,  there  is  a  period  of  comparative 
indifference  to  the  opposite  sex;^a3  the  menfiea  approadi, 
&,ere  is  more  or  less  irritability  of  temper  and  dighiclination 
for  Bocietyj  which  disappear  as  the  flow  is  ^tahlished ;  and 
at  or  foUowing  the  cessation  of  the  menses,  sexual  desire  is 
manifested  to  an  unusual  degree,  this  continuing  for  only  a 
few  daj's. 

Although  there  is  a  periodical  condition  of  heat  in  the 
lower  animals,  connected  with  ovulation,  a  sanguineous  dis^ 
chaige  from  the  genital  oijgans  is  not  often  observed*  It  is 
only  in  monkeys  that  we  have  a  counteipart  of  what  occurs 
in  the  human  female ;  and  observations  upon  these  animals 
have  shown  that  they  are  subject  to  a  monthly  dischaige  of 
blood,  at  this  time  giving  evidence  of  unusual  salacity.' 

In  the  human  female,  near  the  time  of  puberty,  there  is 
sometimes  a  periodical  sero-mucons  discharge  from  the  geni* 
tal  oigans,  preceding,  for  a  few  months,  the  regular  estab- 
lishment of  the  menstrual  flow.  Sometimes,  also,  after  the 
first  dischaige  of  blood,  die  female  passes  several  months 
without  another  period,  when  the  second  flow  takes  place,  axui 
the  mensem  then  become  regular.  In  a  condition  of  health, 
the  periods  recur  every  mcmth,  untH  they  cease,  at  what  is 
termed  the  change  of  life.  In  the  majority  of  cases,  the 
flow  recurs  on  the  twenty-seventh  or  the  twenty-eighth  day; 
but  sometimes  the  iuterval  is  thirty  days.  As  a  rule,  atsoi, 
utero-gestation,  lactation,  and  most  severe  difl^^a^^y,  acnte 
and  chronic^  suspend  the  periods;  but  this  has  exoqptio8i% 
as  some  females  menstruate  regularly  during  pr^;nancy,  and 

)  LoHOcr,  Trmii  i^  fk^M^gk^  Fterii^  ISSd,  tome  ill,  p.  76^;  Ck»n»  IM- 
mlfffpmm^  da  torjm  orffanuh^  ParU,  1S47,  tomt  I,  pp.  IBS,  223. 
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in^no^e^^ncommon  for  the  menses  to  appear  during 
lactation^ 

As  we  should  naturally  expect,  from  the  connection  be- 
tween menstruation  and  ovadation^f  removal  of  the  ovaries, 
especially  when  this  occurs  before  the  age  of  pubertj^,  usually 
produces  arrefit  of  the  menses.  It  is  a  well-known  fact  that 
animals  do  not  present  the  phenomena  of  heat  after  extiq)a- 
tion  of  the  ovaries,  liaciborski  has  quoted  cases  of  this  op- 
eration in  the  human  subject,  in  which  the  menses  were  ar- 
rested ;  *  but  this  rule  does  not  appear  to  be  absolute,  as  Dr. 
n,  li.  Storer  repoils  at  least  one  case,  in  which  menstruation 
continued  ^vith  regularity  for  more  than  a  year  after  removal 
of  both  ovaries.*  AVlien  a  cow  brings  forth  twins,  one  a 
male  and  the  other  apparently  a  female,  the  latter  is  called  a 
free-martin,  and  generally  has  no  ovaries.  Hunter,  in  his 
paper  on  the  free-martin,  gives  a  full  description  of  this 
anomalous  animal,  and  states  ihat  it  does  not  breed  or  show 
any  inchnation  for  the  bull/  In  1S63,  we  had  an  opportu- 
nity of  examining  the  genenttive  organs  of  a  free-martin 

"  RAcmORsn,  i>«  fajmhertf,  PuriB,  1S44,  p.  100. 

'  Stoekr^  Ik  U  merutruation  tans  ovair^, — Archjeti  de  phytiokffii^  Paris, 
1S6S,  tome  i.,  p.  376.    Other  oims  of  thb  kind  tre  on  record 

As  these  pages  are  gotiig  throogh  the  presa^  we  h*Te  rtcoived,  from  Prof.  T. 
Q,  ThoEunB,  the  fuUowing  rerj  intereati&g  account  of  five  operations  m  which 
both  ovaries  were  rejnoved : 

**In  replj  to  joar  note  of  to-daj,  I  would  stnto  that  I  haye  extirpated  both 
ovaries  in  nienstniatuig  wometi  fire  timeav  with  the  f<»llowing  reAults  : 

**  CaMe  1.— (Heard  from  two  years  and  dcven  months  after  the  operation.) 
No  aymptomfl  of  menatruation. 

^*  Ofue  2. — (Heard  from  two  and  a  half  years  after  the  operation.)  No  symp- 
toms whatever  of  menstruation. 

"  aa*e  8.— (Not  he^rd  fTOro.) 

"  Case  4. — (Heard  from  neailj  six  months  after  the  operation.)  Up  to  th« 
present  time  this  patient  has  manifested  no  symptoms  whatever  of  menstrua- 
tion, but  now  states  that  she  has  a  bloody  discharge  fnm  the  TAgina  and  all  the 
symptoms  aceompanying  the  men&traal  ftiaction. 

**  Case  5. — (Heard  from  five  and  a  half  months  after  the  Operalion)^  No 
symptoms  whatever  of  menstruation."  * 

'  Hl^I^^frE^  Aceofunt  of  the  Free  Martin, — O^ttrwaMom  Ofi  cmimn  FarU  of  tht 
Animai  (Eetmom^,  Loodoo,  lim^  p.  60. 
150 
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laided  and  killed  by  Prof,  Jaides  K.  Wood.    In  this  animal^ 
the  uterns  was  nidiiiientaiy  and  there  were  no  oTaries* 

A  mens^nal  period  nsnally  presents  three  stages :  first, 
myasion  ;  second,  a  sanguineous  discharge ;  third,  cessation. 

The  stage  of  invasion  is  variable  in  different  females. 
There  is  usually,  anterior  to  the  establishment  of  the  flow, 
more  or  less  of  a  feeling  of  general  ffuilau€j  a  sense  of  ful- 
ness and  weight  in  the  pelvic  organs,  ac*compamed  with  a 
greater  or  leee  increase  in  the  quantity  of  vaginal  mucus, 
which  becomes  brownish  or  rusty  in  color.  It  is  probable 
that,  at  this  time,  the  discharge  has  a  peculiar  odor,  though 
this  point  is  somewhat  difficult  to  determine.  In  the  lower 
animals,  at  least,  there  is  certainly  a  characteristic  odor  during 
the  rutting  period,  which  attracts  the  male.  At  this  time^ 
also,  tlie  breasts  become  sUghtly  ^ilarged,  showing  the  con- 
nection between  these  organs  and  the  organs  of  generation. 
This  stage  may  continue  for  one  or  two  days^  although^  in 
many  instances,  the  first  evidence  of  the  access  of  a  period  is 
a  discharge  of  blood. 

When  the  general  symptoms  above  indicated  occur,  the 
sense  of  uneaainefis  is  usually  relieved  by  the  discharge  of 
blood*  During  this,  the  second  stage,  blood  flows  from  the 
vag^a  in  variable  quantity,  and  the  discharge  continues  for 
from  three  to  five  days.  With  regard  to  the  duration  of  the 
flow,  there  are  great  variations  in  different  individaak. 
Some  women  present  a  flow  of  blood  for  only  one  or  two 
days ;  while,  in  others,  the  flow  continues  for  from  five  to 
eight  days,  within  the  limits  of  health.  A  fair  average,  per- 
haps, is  four  days/  It  is  also  difficult  to  arrive  at  an  approx-- 
imation,  even,  of  the  total  quantity  of  the  menstrual  flow, 
Burdach  estimated  it  at  from  five  to  six  ounces,'    According 

<  BuniBch  tiMLkes  tbe  followltig  iUtemcfot  with  re^rd  to  c«rlAm  coaditioofl 
capable  of  EDodifving  the  ineiistrtiAl  flow :  ^  The  flow  u  more  »bund&iil  in  tlie 
indolent  than  in  women  aocu^omed  to  labor ;  in  those  of  feeble  oonstitnikni 
than  in  thoae  who  enjoy  robiul  heath  ;  in  inhabiiinta  of  ^tki  than  in  Inliabitaata 
of  rUlaife^"    {TrtM  dephynologi*,  Parfa,  18ST,  tome  L,  pw  S6S.) 

'  ficmACH,  up,  cif.,  p.  2dS« 
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to  Longet,  this  estimate  is  rather  low,  the  quantity  ordinarily 
ranging  from  ten  to  twelves  ounces,  oeeasioiially  amounting 
to  seventeen  ounces,  or  even  more,*  It  is  well  known  that 
the  qnantity  is  exceedingly  variable,  as  is  the  duration  of  the 
flow,  and  the  chfficulties  in  the  way  of  coUeeting  and  estima- 
ting the  total  discharge  are  evident. 

The  characters  of  the  menstrual  flow  are  sufficiently  sim* 
pie.  Supposing  the  discharge  to  continue  for  four  days,  on  the 
first  day,  the  quantitj^  h  comparatively  small ;  on  the  second 
and  third,  the  flow  is  at  its  height;  and  the  quantity  is  dimin- 
ished on  the  fourth  day.  During  this  stege,  the  fluid  has  the 
appearance  of  pure  arterial  blood,  not  coagulated,  and  mixed, 
as  lias  been  shown  by  microscopical  examination,  with  pave- 
ment-epithelium from  the  vagina,  cylindrical  cells  from  the 
uterus,  leucocytes,  and  a  certain  amomit  of  sero-mucous  se- 
cretion. Chemical  examination  of  the  fluid  does  not  show 
any  marked  peculiarities,  except  that  the  quantity  of  fibrin  is 
either  not  estimated  or  is  given  as  much  less  than  in  ordinary 
blood.' 

The  mechanism  of  the  haemorrhage,  which  will  be  con- 
sidered more  fully  when  we  come  to  study  the  changes  in 
the  uterine  mucous  membrane  during  menstiniation,  is  prob- 
ably the  same  as  in  epistaxis.  There  is  a  rupture  of  small 
blood-vessels,  probably  capillaries,  and  bloc«l  is  thus  ex- 
uded fi'om  the  entire  surface  of  the  membmue  lining  tJie 
uterus,  and  sometimes  from  the  membrane  of  the  Fallopian 
tubes.  The  blood  is  then  discharged  into  the  vagina  and  is 
kept  fluid  by  the  vaginal  mucus.  The  mucus  of  the  body  of 
the  utenis  is  viscid  and  alkaline ;  the  mucus  secreted  at  the 
neck  is  gelatinous,  viscid,  tenacious,  and  also  alkaline ;  the 

I  LoNOCT«  !iVait$  dt ph^tiolajfut,  Parii,  1S69,  tome  lU.,  p.  771 

'  SeYernl  uioJjsefl  of  the  menstruiLl  fluids  taken  fh»m  the  older  wri^en, 

ftrc  given  by  Simon,  {Animal  Chemutrtf^  rhUttdelphia^  lS4fl»  p»  ajt)  Accord- 
ing to  moro  recent  obaervationA^  the  meni^tnial  blood  is  only  Jippaliptly  dcficienl 
in  fibrin,  becauBe  coagulatioa  ia  prevented  by  admlxturo  with  riLgiojil  mueuR. 
(QoRur-BKBAXSZ,  Lehrbuch  der  phifHoloffi^chm  Chemie,  fir&undobweig,  1862^  S. 
S83.) 
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vaginal  mncos  is  decidedly  acid,  creamy,  and  not  viscid,  con- 
taining nnmerous  cells  of  scaly  epithelium,  and  leucocytes. 

The  third  stage,  that  of  cessation  of  the  menees,  is  very 
simple.  During  the  latter  part  of  tlie  second  stage,  the  flow 
of  blood  gradually  diminishes ;  the  discharge  becomes  rusty, 
then  lighter  in  color;  and,  in  the  course  of  about  twenty-four 
hours,  it  asfiumes  the  characters  observed  in  the  intermen- 
Btmal  period. 

When  the  menstrual  flow  has  been  established,  there  is  no 
very  marked  general  disturbance,  except  a  sense  of  lassitude, 
which  may  become  exaggerated  if  the  discharge  be  unusu- 
ally abimdant.  It  has  been  noted,  however,  by  Eabuteau, 
that,  during  the  menstrual  period,  the  production  of  urea  is 
diminished  more  than  twenty  per  cent.,  that  the  pulse  be- 
comes slower,  and  that  the  temperature  falls  at  least  one  d^ 
groe  (half  a  degree,  centigrade)/ 

Changes  in  the  Uterine  Mttwite  Membrane  during  Mm- 
gtruation. — If  the  mucous  membrane  of  the  uterus  be  ex- 
amined during  the  menstrual  flow,  it  is  found  smeared  with 
blood,  which  sometimes  extends  into  the  Fallopian  tubes.. 
It  is  then  much  thicker  and  softer  than  during  the  intermen- 
strual period.  Instead  of  measuring  about  ^  of  an  inch  in 
thickness,  as  it  does  under  ordinary  conditions,  its  tliickneas 
is  from  f  to  J  of  an  inch.  It  becomes  more  loosely  attached 
to  the  subjacent  parts,  is  somewhat  rugous,  and  the  glands 
ai*e  Tcry  much  enlarged.  At  the  same  time,  thei*e  are  devel- 
oped, in  the  substance  of  the  membrane,  numerous  spherioil 
and  fusifonn  cells.*  According  to  the  recent  and  very  strik- 
ing researches  of  Kundrat  and  Engelmann,  tliis  condition 
probably  precedes  the  discharge  of  blood  by  several  days ; 
during  which  time,  the  membrane  is  gradually  preparing  for 
the  reception  of  the  ovum.  One  of  the  most  important  points 
in  these  researches  is  that  there  is  a  fatty  degeneration  of  the 

1  JUvUTSAU,  i>e  tinfiuence  de  l<%  mmMtrmtHan  fur  In  mMtriikft^—OaxeiU  M- 
doitMdMrt^  Vmn'A^  1870,  2me  a^rie,  toiii«  Tii.,  p.  408. 

*  KOixiOA,  iUthenU  ithi«tolnpie  humame^  Paris,  1668,  p.  726. 
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diflferent  elements  entermg  into  the  stnictnre  of  tlie  miieous 
membrane,  including  the  blood-vesselB,  this  change  being 
most  marked  at  the  surface;  and  it  is  on  account  of  the 
weakened  condition  of  the  vascular  walla  that  the  htemor- 
rhage  takes  plaee^  A  short  time  after  the  flow  has  ceased, 
the  mucous  membrane  returns  to  its  ordinary  condition.* 

We  have  already  noted  that  there  is  a  considerable  des- 
quamation of  epithelium  from  the  uterus  with  the  flow  of 
blood,  dming  the  menstrual  period,  Sometimes,  in  normal 
menstruation,  the  epithelium  is  in  the  form  of  f»atclies ;  and^ 
in  certain  cases  of  dysmenorrhea,  there  is  a  membranous  ex- 
foliation, which  has  led  to  the  idea  that  tlie  mucous  mem- 
brane is  actually  thrown  off.  In  normal  menstriuition,  there 
is  no  true  exfoliation  of  the  membrane,  and,  even  in  what  ia 
called  membranons  dysmenorrhea,  the  so-called  membrane  is 
nsually  nothing  more  than  a  membraniform  exudation,  se- 
creted by  the  mucous  surface, 

Clian^es  in  the  Graafian  FoUides  afHer  their  Jivpture 
{Corpus  Zuteum), — After  the  discharge  of  an  ovum,  the 
Graafian  follicle  undergoes  certain  retrograde  changes,  in- 
volving the  formation  of  what  is  called  the  corpus  luteum. 
Even  when  the  discharged  ovum  has  not  been  fecundated, 
the  corpus  luteum  persists  for  several  weeks,  so  that,  ovula- 
tion occurring  every  mouthy  several  of  these  bodies,  in  various 
stages  of  reti'ogi^eBsion,  may  sometimes  be  seen  in  the  ovaries- 
Coi'poiu  lutea  were  observed  by  some  of  the  earliest  wTiters 
upon  anatomy ;  but  the  first  description  presenting  any  ap- 

1  ElTKDtLiT  rxn  Ek01L1CAK5|    Unitrimt'-hunfffn  uber  die  Ulfrutt^UimkeHik^^ 
Modmnische  JahrbUcher,  Wien,  1873»  B,  US,  d  Btq. 

The  researches  embodied  in  the  abore  p^per  are  of  great  importance  in  their 
bearing  upon  the  physiology  of  menstrtmtioQf  the  preparation  of  the  mucous 
membrane  of  the  uterus  for  the  reception  of  the  fecundnted  oTum,  and  calcula- 
tioos  of  the  duration  of  pregnancy.  From  tlie  fact^  and  arguments  brought  for-* 
wardf  there  can  be  scarcely  a  doubt  that  the  flow  of  blood  la  mainly  due  to  fatty 
degeneration  of  the  most  super6clal  portion  of  the  mocons  membrane.  The 
points  in  these  observations  which  relate  to  the  question  of  the  preparation  of 
the  uterus  for  the  reoeptioii  of  the  onun  will  be  considered  hereafter. 
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proaoh  to  accumcy  was  given  by  De  Graaf .^  After  De  Graaf, 
Malpiglii  described  these  bodies^  and  was  the  first  to  apply  to 
them  the  name  of  corpora  lutea.*  The  older  writers,  how- 
ever, had  no  very  clear  ideas  regarding  the  formation  of  the 
corpora  lutea,  and  it  is  only  since  we  have  become  familiar 
with  the  mechanism  of  ovulation,  that  we  have  been  able  to 
comprehend  their  physiological  signifieanee. 

For  a  certain  time  anterior  to  the  discharge  of  the  ovum, 
there  is  a  cell-growth  from  the  proper  coat  of  the  Oraafian 
follicle,  and  probably  from  the  membrana  granulosa,  with  a 
projection  of  looped  blood-vessels  into  the  interior  of  the  fol- 
licle, which  is  the  first  formation  of  the  corpus  luteum.  At 
the  time  of  rupture  of  the  follicle,  the  ovum,  with  a  great 
part  of  tlie  membrana  granulosa,  is  discharged*  Sometimes, 
at  the  time  of  rupture  of  the  follicle,  there  is  a  discharge  of 
blood  into  its  interior ;  but  this  is  not  constant,  though  we 
usually  have  a  gelatinous  exudation,  moi'e  or  less  colored  with 
blood*  At  the  same  time,  tlie  follicular  wall  undergoes  hy- 
pertrophy, becomes  convoluted,  or  folded,  and  highly  vascu- 
lar. This  convoluted  wall,  formed  by  the  proper  coat  of  the 
follide,  is  surrounded  by  the  fibrous  timic,  and  its  thickening 
is  most  marked  at  the  deepest  portion  of  the  follicle.  At 
the  end  of  about  three  weeks,  the  body,  which  is  now  called 
the  corpus  lutemn,  on  account  of  its  yeDowish  or  reddish- 
yellow  color,  has  arrived  at  the  height  of  its  development, 
and  measures  about  half  an  inch  in  depth  by  al»out  three- 
quarters  of  an  inch  in  length,  its  form  being  ovoii'  The 
convoluted  wall  then  contains  a  layer  of  large,  pale,  finely- 
granular  cells,  which  are  internal,  and  are  supposed  to  be 
the  remains  of  the  epithelium  of  the  follicle.  The  great 
mass  of  this  wall,  however,  is  composed  of  large  nucleated 
oellfi,  containing  fatty  globules  and  granules  of  reddish  or 

'  Di  Gbaaf,  Dt  Jfuiiemm  OrgamU  GmerMmi  mterwiaUiht^  Logd.  BaUt., 
1ST2,  p.  178, 

*  MALrtGHiuB,  Optrmomtda,  Lonilf  ltB*t, Urmus L,  Ipfwndix,  16S6,  pp.  SO,  81. 

*  t)AtroSf  Bumm  Fh^ridog^^  FyiAdelphiA,  1871^  p.  SdS, 
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yelloxneh  pigmentary  matter.  The  thickness  of  the  wall  is 
about  one-eighth  of  an  inch,  at  its  deepest  poi*tion. 

After  about  the  third  week,  the  corpus  luteum  begins  to 
retract ;  its  central  portion  and  the  convoluted  wall  l)ecome 
paler,  and,  at  the  end  of  seven  or  eight  weeks,  a  small  cica- 
trix marks  the  point  of  rupture  of  the  follicle. 

The  above  are  the  changes  which  occur  in  the  Graafian 
follicles  after  their  rupture  and  the  discharge  of  ova,  when 
the  ova  have  not  been  fecundated ;  and  the  bodies  thus 
produced  are  called  false  corpora  lutea,  as  distinguished  from 
corpora  lutca  found  after  conception,  which  are  called  true 
corpora  lutea^ 

Corpus  Lat&um  qf  Pregncmq/, — ^Before  the  process  of 
spontaneous  ovulation  and  its  connection  with  menstruation 
were  understooil,  aiiatomiBts  were  unable  to  make  a  definite 
distinction  between  the  corpus  luteum  following  the  dis- 
charge of  an  ovum  without  fecundation,  called  the  corpus 
luteum  of  menstruation,  and  the  corpus  luteum  of  preg- 
nancy. Iluschke,  however,  as  early  as  1S45,  recognized  the 
distinction  between  the  false  and  the  true  corpora  lutea.  He 
states  thatj  '*  after  fecimdation  they  develop  in  a  moiH?  rapid 
manner,  and  assimie  the  form  of  true  corpora  lutea ; "  and 
farther,  he  says  that  *'  corpora  lutea  are  also  produced,  with- 
out fecundation,  to  wliich  the  name  false  has  been  given/' ' 
Notwithstanding  that  the  so-called  true  and  false  corpora 
Intea  seem  to  have  been  well  recognized,  even  by  ^Titers  an- 
terior to  Huschke,*  it  remained  for  Coste  to  exactly  deseril>e 
*the  various  points  of  distinction  between  them  ;  and  his  ac- 
count of  the  differences  in  the  development  of  these  bodies,  de- 
pendent upon  the  non-fecundation  or  the  fecundation  of  the 

1  HuscBEK,  TraHi  de  iptanehnolo^e. — Site^ekfiidu  anaiomigw^  Paris,  1840, 
tome  v.,  p.  427. 

*  Biichoff,  as  well  aa  other  writers  of  hh  time,  fi-eqiieutlj  referred  to  true 
ftnd  fahe  corpora  lutes,  {ObtenfoiwnM  wur  U  diiachemmt  ei  la  fktmdaium  de 
tomf  humain  ei  da  mkf9  de9  mammifhrf, — Aimatm  de%  mmcm  natufflim^  Zoo- 
kgU^  Paris,  1S43,  seconde  B^rie^  tome  zx.,  p.  98«  «tf  ^.) 
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ovum,  is  Btill  regarded  m  entirely  accurate,  and  answers  the 
requirements  of  science  at  the  present  daj,  even  in  its 
medico-legal  aspects,  as  well  aa  in  1847,  when  his  obaervationa 
were  published.* 

When  a  discharged  ovum  has  been  fecimdated,  the  corpus 
Intenm  paeees  through  its  various  stages  of  development  and 
retrogression  much  moi^e  slowly  than  the  ordinarj^  corpus  lu- 
teum  of  menstruation.  It  is  then  called,  to  distinguish  it 
from  the  latter,  the  true  corpus  luteum-  We  cannot  do  bet- 
ter than  to  quote,  in  the  words  of  Coste,  the  description  of 
the  changes  which  this  body  undergoes  in  pregnancy  : 

"  I  liave  followed,  with  the  greatest  care,  in  the  pregnant 
female,  all  the  phases  of  this  retrogression.  This  commences 
to  be  really  appreciable  toward  tlm  end  of  the  third  month. 
I>uring  the  fourth  month,  the  corpus  lutenm  diminishes  by 
nearly  a  thiitl,  and  toward  the  end  of  the  fifth,  it  is  ordinarily 
reduced  one-half.  It  still  fonus,  however,  during  the  tirst 
days  after  parturition,  and  in  the  greatest  niunl>er  of  cases,  a 
tubercle  which  has  a  diameter  of  not  less  than  from  f  to  -J  of 
an  inch.  The  tubercle  afterward  diminishes  quite  rapidly; 
but  it  is  nearly  a  month  Ijefore  it  is  i"educed  to  the  condition 
of  a  little,  hardened  nucleus,  which  persists  moi*e  or  less  aa 
the  last  vestige  of  a  process  so  slow  in  arriving  at  its  final 
term.  Nevertheless,  there  is  nothing  absolute  in  the  retro- 
grade progress  of  this  phenomenon.  I  have  seen  women,  dead 
at  the  sixth  and  even  the  eighth  month  of  pregnancy,  present 
corpora  lutea  as  voluminous  as  others  at  the  fourth  month. 

"  Though  it  nxay  not  be,  in  general,  that,  after  parttuntion, 

*  Dr.  Robert  Knox  published,  In  1844,  «  table  of  meuoremente  of  the  corpus 
latetim  at  Tarions  stages  of  gestation^  two  of  the  observations  being  his  own,  and 
the  others,  taken  from  different  authors^  Dr.  Knox  roentioncd  true  and  fiilse 
corpora  Inteii,  but  evidflwtly  had  no  distinct  idea  of  their  differences.  IRa  artiolo 
seems  to  be  intended  to  shoTT  that  the  paper  on  tlie  same  subject,  by  Sir  ETerard 
Uonie,  was  compojfcd  of  inexact  statements  borrowed  from  the  unpTiblished 
writings  of  John  Hunter,  (Knox,  Coniribuiwm  to  Anaiomtf  ond  PhtiMog^. 
On  tkt  Corpm  LiUmsm,^ThM  Limdfm  JMktd  G^tttk,  1844,  New  Series,  vol.  i,, 
p.  6*»5,) 
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i||pB  corpora  lutea  disappear,  it  is  nevertheless  not  without  ex- 
ffmples  tliat  they  disappear  much  more  promptly.  1  have 
had  the  opportunity  of  examiidng  the  body  of  a  woman,  dead 
in  the  cooiBe  of  the  eighth  month  of  pregnancy,  in  whom 
the  absolution  was  already  complete,  Facts  of  this  kind  ai"e 
doubtless  veiy  rare,  as  only  one  lias  occurred  in  my  observa- 
tions, notwithstanding  the  numerous  researches  to  which  I 
have  devoted  myself  for  a  long  time.  .  .  , 

**  There  exists  a  notable  difference  between  the  corpora 
Intea  which  are  formed  as  the  sequence  of  conception^  and 
those  which  occur  aside  from  the  conditions  developed  by  im- 
pregnation. The  duration  of  the  former  is  much  longer  than 
that  of  the  latter,  and  the  volume  becomesj  also,  much  more 
considemblej  td though  their  nature  is,  in  truth,  identical.  I 
have  too  often  had  occasion  to  remark  this,  in  the  ovaries  of 
Buicides,  to  retain  the  slightest  doubt  in  this  regard."  * 
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It  ts  nun  tbiit  n  corpoa  In- 
toutn  iiftiiumeA  n  ft{ih«rk*l  form, 
tod  thtt,  wlutever  be  the  floo- 
don^  lt«  dlamelc'ri  iir«  equal  w 
uetttiy  to.  It  gvnemlly  under- 
goc*,  tn  its  deTolopra^ot,  a  nati 
of  oorapreMkNi  iBihe  aMoemmr 
at  doeft  th0  ovary.  Ben,  ad^ 
the  tottir  and  the  tkcH  duuD«- 
Utm,  ukan  ihjm  a  teotioii  of 
tha  corpora  hitoo,  bftvo  Ixill 
moaBorat  tbe  ovary  hetoy  dl* 
vtded  loni^tiulloallj,  and,  at  tt 
la,  goDcrally  flgorcd  In  tte 
pUtM  of  the  atiw. 

Doable  gvetttJoo. 
I><mble  gMtitloeu 


The  preceding  table,  also  quoted  from  Coste  {op.  aU*^  p, 
256),  shows  the  different  stages  of  the  corpus  luteum  of  pr^ 

*  Com,  DhdoppemtfU  det  eorpa  orgotdak^  Piiri«|  1S47|  tome  1,  pp.  SM,  267» 
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nancy.  It  will  be  remembered  that  the  corpus  lutemn  of  men- 
strnation  is  at  its  maximnm  of  development  at  the  end  of 
about  three  weeks,  when  it  measures  half  an  inch  in  depth  by 
three-quarters  of  an  inch  in  length ;  that  it  then  begins  to 
retract,  and  becomes  a  small  cicatrix  at  the  end  of  seyen  or 
eight  weeks. 

In  1851,  Dr.  J.  C.  Dalton  published  an  essay  on  the 
"  Corpus  Luteum  of  Menstruation  and  Pregnancy,"  in  which 
he  pointed  out  very  accurately  the  difEerent  points  of  distinc- 
tion between  what  had  been  known  as  the  false  and  the  true 
corpora  lutea.  These  observations  it  is  unnecessary  to  quote 
in  detail,  as  the  results  were  almost  identical  with  those  ob- 
tained by  Coste ;  but  they  are  peculiarly  interesting,  not  only 
from  the  accuracy  of  the  descriptions,  but  as  they  were  made 
independently,  and  without  any  knowledge  of  the  publication 
by  Coste,  four  years  before.* 

>  Dalton,  Priu  Etwy  on  the  Ccrpui  Lutewn  of  Menttruatum  and  Pregfumejf. 
— DransactUma  of  the  American  Medical  Auociatwn,  Philadelphia,  1861,  toL  ir., 
p.  54  Y,  d  teg. 

In  a  note  appended  to  this  essay.  Dr.  Dalton  refers  to  Longet's  Physiology 
(Paris,  1850),  in  which  the  distinction  between  the  two  yarieties  of  corpora  lutea 
is  made ;  but  his  own  inyestigations,  which  are  remarkable  for  their  complete- 
ness and  accuracy,  were  made  independently  and  without  any  knowledge  of  the 
obseryations  by  Coste.  Dr.  Dalton^s  researches  on  this  subject  hare  been  exten- 
siTcly  quoted,  hsTC  done  much  to  settle  the  important  question  of  the  exact  dis- 
Unctions  between  the  corpora  lutea  of  menstruation  and  of  pregnancy,  and  at 
once  established  his  reputation  as  an  accurate  and  trustworthy  obscrrer.  The 
views  of  Coste  were  then  almost  unknown  in  this  country. 
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UALE  0B0AK6    A^TD  ELEMENTS   OF  GENEBATIOK. 

The  testicles — TunicA  va^nalla — Tunica  albaginGA — Tunica  Tueulofta — Semimf^ 
erous  tubes— Epididymis — Yu  defereua — Teaiculaa  semliiAloi — ^ProstAte^ 
Gkndfl  of  the  urethra — Somen — Secretions  mixed  with  th«  products  of  the 
tee  dcle^— Sperm* toiold* — Development  of  the  spermatosoida— Seminal  fluid 
in  adTonoed  age. 

There  is  not  the  same  physiological  interest  attached  to 
the  anatomical  study  of  the  male  genitalia,  particnlaiiy  the  es- 
temal  organa,  as  there  is  to  the  corresponding  parts  in  the  fe- 
malOf  for  the  reason  that  the  function  of  the  sjjermatozoids  is 
accomplished  within  the  female  organs,  where  they  unite  with 
the  ovum  and  where  the  prooeeses  of  development  take  place. 
The  anatomy  of  the  penis  and  urethra  has  a  more  exclusively 
Burgical  interest.  As  physiologists,  we  have  to  study  the  tes- 
ticles, organs  which  correspond  to  the  ovaries,  and  in  which 
the  male  generative  element  is  developed,  the  various  glan- 
dular Btmctures  which  secrete  fluids  forming  a  part  of  the 
ejaculated  semen,  the  mechanism  of  erection,  by  which  pene- 
tration of  the  male  organ  into  the  vagina  is  rendered  possihle, 
the  composition  of  the  seminal  fluid  and  the  mechanism  of 
its  ejaculation,  and  the  course  of  the  semen  in  the  generative 
passages  of  the  female,  until  it  is  brought  in  contact  with 
and  fecundates  the  ovum.  As  regards  the  penis,  it  will  be 
anfficient  to  describe,  as  we  shall  under  the  head  of  coitus, 
the  mechanism  of  erection  and  of  the  ejaculation  of  semen- 
It  will  be  necessary,  however,  to  study  the  structm'e  of  the 
testicles  and  of  the  various  gland uWr  organs  connected  with 
the  urethra,  in  order  to  understand  the  development  of  the 
epermatozoida  and  the  composition  of  the  seminal  fluid. 
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The  TesticUs. 

The  testicles  are  two  symmetrical  organs,  situated,  doriDg 
a  certain  portion  of  intra-nterine  life,  in  the  abdominal  cav- 
ity, but  finally  descending  into  the  scrotum*  Within  the 
scrotum,  which  is  a  pouch-like  process  of  integument,  are  the 
two  testicles,  with  their  coverings,  vessels,  nerves,  etc.  The 
skin  of  the  scrotum  encloses  both  testicles,  but  is  marked  by 
a  median  raphe,  Lnmodiately  beneath  the  skin,  is  a  loose, 
reddish,  contractile  tissue,  called  the  dai*tos,  which  forms  two 
distinct  sacs,  one  enveloping  each  testicle,  the  inner  portion 
of  these  sacs  fusing  in  the  median  line,  to  form  the  septum. 
Within  these  two  sacs,  the  coverings  of  each  testicle  ai*©  dii^ 
tinct.  These  organs  are,  as  it  were,  suspended  in  the  scro- 
tum by  the  spermatic  cords,  the  left  usually  hanging  a  little 
lower  than  the  right.  The  coverings  for  each  testicle,  in  ad- 
dition to  those  just  mentioned,  are  the  intercolumnar  fasciEi 
the  cremaster  muscle,  the  inf undibulif onn  fascia,  the  tunica 
vaginalis,  and  the  proper  fibrous  coat. 

The  tunica  vaginalis  is  a  shut  sac  of  serous  membran^ 
covering  the  testicle  and  epididymis,  and  reflected  from  the 
posterior  border  of  the  testicle  to  the  wall  of  the  sei*otmii^ 
lining  the  cavity  occupied  by  the  testicle  on  either  side,  and 
also  extending  over  the  spermatic  cord.  This  tunic  is  really  a 
process  of  peritoneum,  which  has  become  shut  off  from  the 
general  lining  of  the  abdominal  cavity.  The  spermatic  cord 
is  composed  of  the  vas  deferens,  blood-vessels,  lymphatics,  and 
nerves,  with  the  various  coverings  already  descril>ed,  wliich 
expand  and  sun-ound  the  testicle. 

Beneath  the  tunica  vaginalis,  are  the  testicles,  with  their 
proper  fibrous  coat.  These  organs  are  ovoid,  and  flattened 
laterally  and  posteriorly.  **  They  ai'e  from  an  inch  and  a 
half  to  two  inches  long,  about  an  inch  and  a  quarter  from 
the  anterior  to  the  posterior  border,  and  nearly  an  inch  from 
side  to  side.  The  weight  of  each  varies  from  three-quarters 
of  an  ounce  to  an  ounce,  and  the  left  is  often  a  little  the 
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larger  of  the  two*" '  The  proper  fibrous  coat  is  everywhere 
covered  by  the  closely-adherent  tunica  vaginalis,  except  at 
the  posterior  border,  where  the  veeaels  enter  and  the  duet 
passeB  out.  At  the  out^r  edge  of  this  border,  is  the  epididy- 
mis, formed  of  convoluted  tubes^  presenting  a  superior  en- 
largement^ ciilled  the  globus  major,  a  long  mass  ninning  the 
length  of  the  testicle,  called  the  body,  and  a  smaller  enlarge- 
ment inferiorly,  called  the  globus  minor.  This,  too,  is  cov- 
ered with  the  tunica  vaginalis.  Between  the  membrane  cov- 
ering the  testicle  and  epididymis  and  the  layer  lining  the 
scrotal  cavity,  is  a  small  quantity  of  serum,  juat  enough  to 
moisten  the  serous  surfaces.  At  th^  superior  portion  of  the 
testicle,  we  usually  find  one  or  moi*e  small,  ovoid  bodies,  at- 
tached to  the  testicle  by  short,  constricted  processes,  which 
are  called  the  hydatids  of  Morgagni.  These  have  no  physio- 
logical importance,  and  are  supposed  to  be  the  remains  of 
foetal  structures. 

The  proper  fibrous  coat  of  the  testicle  is  called  the  tunica 
albuginea.  It  is  white,  dense,  inelastic,  measures  about  ^ 
of  an  inch  in  thickness,  and  is  simply  for  the  protection  of 
the  contained  structures.  Sections  of  the  testicle,  made  in 
various  directions,  show  an  incomplete  vertical  process  of  the 
-  tunica  albuginea,  called  the  corpus  Higlimorianum,  or  the  me- 
diastinum testis.  This  is  wedge-shaped,  about  -^  of  an  inch 
wide  at  its  superior  and  thickest  portion,  is  pierced  by  nu- 
merous  openings,  and  lo<lgea  blood-vessels  and  seminiferous 
tubes.  From  the  mediastinimi,  numerous  delicate,  radiating 
processes  of  connective  tissue  pass  to  the  inner  surface  of  the 
tunica  albiiginea,  dividing  the  substance  of  the  testicle  into 
imperfect  lol)ules,  whicJi  lodge  the  seminiferous  tubes, 
Luschka  estimates  the  number  of  these  lobules  at  from  one 
hondred  and  fifty  to  two  hundred/    Their  shape  is  pyrami- 

'  QcAiN,  Elernmt9  of  Anatomtf,  London,  1867,  vol.  it,  p,  967.  For  the  sake 
of  unifurmity  of  descripttotif  most  of  the  measurements  of  tho  different  paHs  of 
the  testicle  will  be  taken  from  thf  nbove  work, 

*  LcficnKA,  Anaiomk  deB  Mmtehen^  Tubingen^  1864,  Bd.  u.,  S.  267. 
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(JaI,  tlie  larger  extremities  presenting  toward  tLe  surface,  and 
the  pointed  extremities  situated  at  the  mediastinum. 

lining  the  tunica  albnginea  and  following  the  mediasti- 
num and  the  prooesseB  which  penetrate  the  testicle,  is  a  tu- 
nic,  composed  of  blood-vessels  and  delicate  connectiTe  tissue, 
called  the  tunica  vasculosa* 

Lodged  in  the  cavities  formed  by  the  trabeculte  of  con- 
nective tissue,  are  the  seminiferous  tubes,  in  which  the  male 
elements  of  generation  are  developed*  These  tubes  exist  to 
the  number  of  about  eight  hundred  and  forty  in  each  testi- 
cle, and  constitute  almost  the  entire  substance  of  the  lobules. 
The  larger  lobules  contain  five  or  six  tubes,  the  lobules  of 
medium  size,  three  or  four,  and  the  smalle^st  frequently  en- 
close but  a  single  tube/  Each  tube  presents  a  convoluted 
mass,  which  can  frequently  be  disentangled  under  water, 
particularly  if  the  testicle  be  macerated  for  several  months 
in  water  with  a  little  nitric  acid.  The  entire  length  of  the 
tube,  when  thus  unravelled,  is  about  thirty  inches,  and  its 
diameter  is  from  y^  to  y^  of  an  inch.  It  begins  by  from 
two  to  seven  short,  blind  extremities  and  sometimes  by  anas- 
tomosing loops.  The  caeeal  diverticula  are  found  usually  in 
the  external  half  of  the  tube,  and  their  length  is  from  ^  to 
f  of  an  inch.  The  anastomoses  are  sometimes  between  the 
tubes  of  different  lobules,  sometimes  between  tubes  in  the 
same  lobule,  and  sometimes  between  diflFerent  points  in  the 
mme  tube.'  As  the  tubes  pass  toward  the  posterior  portion 
of  the  testicle,  they  unite  into  about  twenty  straight  canals, 
called  the  vasa  recta,  about  ^  of  an  inch  in  diameter,  which 
penetrate  the  substance  of  the  mediastinum  teatia.  In  the 
mediastinum,  the  tubes  form  a  close  netrwork,  called  the  rete 
testis;  and,  at  the  upper  portion  of  the  posterior  border, 
they  pass  out  of  the  testicle,  by  from  twelve  to  fifteen  open- 
ings, and  are  here  called  the  vasa  efferentia. 

Having  paased  out  of  the  testicle,  the  vaaa  efferentia  form 

«  S,urKt,  Tram  d'tmaiofnU^  Ptria,  1S74,  tome  St.,  p.  60L 
*  &AmT,  loc,  cH,^  p.  606. 
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a  series  of  emflll,  couieiil  masses,  which  together  constitute 
the  globus  major,  or  head  of  the  epididymis:  Eaeh  of  these 
tute^  when  unravelled,  m  from  six  to  eight  inches  long, 
gradually  increasing  in  diameter,  imtil  they  all  unite  into  a 
single,  convoluted  tube,  which  forms  the  body  and  the  gb> 
bus  minor  of  the  epididymis.  This  single  tube  of  the  epi- 
didymis, when  unravelled,  is  about  twenty  feet  in  length. 


Ttolkile  and  «pldlflymla  of  the  tmnMi  »ub)oct  Afli-r  Art»old.^a,tert1cl*;  6,IoImiIm  of  tHa 
tflfltif)«;  «,  vau  renta;  d^  r«te  U'«tli ;  f,  vma  ^ffcivntla;  /.  oootit  of  the  potnu  nu|)or  «f  tlM 
f|vldid5tQts;  ^,  ep(didyini«:  k^  vmm  deforiioi;  i,  vns  •h«rnui»;  m,  bmnrhuA  of  the  »p4^nnAt1<^ 
Mf«i7  to  tlbo  teitick  and  epIdldjrmU ;  ik  mnlflciitk>ti  of  th«  irten*  ujion  tb<3  U'stic !e  luiil 
epldldymlp;  o,  delVreotlal  urterjr;  p,  AnAttomo«l>  of  tbft  deAniential  vrttb  Lhi?  i^iiemiaiUc 


The  walls  of  the  seminiferous  tubes  in  the  testicle  itself 
are  composed  of  conneetive  tissuej  a  basement-menibmne, 
and  a  lining  of  granular,  nucleated  cells.  In  the  rete  testis, 
it  is  uncertain  whether  the  tubes  have  a  special  fibrous  coat 
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or  are  simple  clmnnels  in  the  fibrons  structure.  They  arc* 
here  lined  ^nth-pavement-epitheliuni.  In  the  vasa  efferen- 
tia  and  the  epididymis,  we  have  a  fibrous  membrane,  widi 
longitudinal  and  circular  fibres  of  torolimtary  muBCular  tis 
sue,  and  a  lining  of  eiUated  epitheKum,  described  by  Becker 
in  the  bull  aud  the  horse,*  and  noted  bv  KolUker  in  the  human 
subject,"  The  movement  of  the  cilia  is  toward  the  vas  defe- 
rens. In  the  lower  portion  of  the  epididymia,  the  cilia  are 
abeent  The  tubular  structures  of  the  testicle,  the  epididy- 
mis, and  the  commencement  of  the  vas  deferens  are  shown 
in  Fig.  30. 

At  the  lower  portion  of  the  epididymis,  communicating 
"with  the  canal,  there  is  nsuaUy  found  a  small  mass,  formed 
of  a  convoluted  tube  of  variable  length,  called  the  vaa  aber- 
rans  of  Haller.'  (t.,  Fig.  30*)  This  is  eometimea  wantingi 
and  its  function,  which  cannot  be  very  important,  is  unknown* 

Vae  Deferens. — ^The  excretory  duct  of  the  testicle  ex- 
tends  from  the  epididymis  to  the  prostatic  portion  of  the 
urethra,  and  is  a  continuation  of  the  single  tube  which  fonns 
the  body  and  globus  minor  of  the  epididymis.  It  is  some- 
what tortuous  near  its  ori^n,  and  becomes  larger  at  the  base 
of  the  bladder,  just  before  it  is  joined  by  the  duet  of  the 
seminal  vesicle.  Near  its  point  of  junction  with  this  duct,  it 
again  becomes  narrower.    Its  entire  length  is  nearly  two  feet. 

The  course  of  the  vas  deferens  is  in  the  spermatic  cord  to 
the  external  abdominal  ring,  through  the  inguinal  canal  to 
the  internal  ring,  where  it  leaves  the  blood-vessels,  passes  be- 
neath the  peritoneum  to  the  t^ide  of  the  bladder,  then  along 
the  base  of  the  bladder  by  tbe  inner  side  of  the  seminal  vesi- 
cle, finally  joining  the  duct  of  the  seminal  vesicle,  the  com- 

^  BiCKJERj  (Ttiber  Flimmer^nthtUum  und  FlimmtrimPfpm^  im  QwtehJUehiMap- 
parate  da-  SHu^hifrv  ymd  dm  MmmsK€i%,^FfUermichunffm  tur  yatmiehr«  dm 
Mmtehm  tmd  der  Thkn,  FmakfnTi  a.  M.,  1837,  Bd,  il,  S.  77. 

»  Kur-Liitoi,  £lhnenit  tthkiHilogie  hmmint,,  Puris,  1868,  p.  675. 

'  Eallul,  Elmunia  Phvtiolwfim^  Berne,  1765|  lomufl  *ii.,  p.  4491 
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mon  tube  forming  the  ejaciilatory  duct,  wLicL  opens  into  the 
prostatic  portion  o£  the  uretlii-a. 

Tlie  walls  of  tlie  vaa  defei-ens  are  tliick,  abundantly  snj^ 
plied  with  vessels  and  nerves,  and  provided  with  an  external 
tibroiiBj  a  middle  muscidar,  and  an  internal  mucous  coat.  The 
greater  part  of  that  portion  of  the  tul>e  which  is  connected 
with  the  bladder  is  dilated  and  sacculated.  The  fibrous  coat 
16  composed  of  strong  connective  tissue.  The  muecular  coat 
presents  three  layers;  an  external,  mther  thick  layer  of  lon- 
gitudinal fibres,  a  thin,  middle  layer  of  circular  fibres,  and  a 
thin,  internal  layer  of  longitudinal  fibres,  all  of  the  non-stri- 
ated variety.  By  the  action  of  these  fibres,  the  vessel  may 
be  made  to  undergo  energetic  peristaltic  movements,  and  this 
has  followed  galvanization  of  that  portion  of  the  spinal  cord 
con'esponding  to  the  fourth  lumbar  vertebra,  which  is  de- 
scribed  by  Budge  as  the  genito-spinal  centre.' 

Tbe  mucous  membrane  of  the  vas  deferens  is  pale,  thrown 
into  longitudinal  folds  in  the  greatest  part  of  the  canal,  and 
presents  numerous  additional  rugte  in  the  sacculated  portion, 
these  rugie  enclosing  little,  irregidar,  polygonal  spaces.  The 
membrane  is  covered  with  colunmar  epithelium,  which  is  not 
ciliated.  In  the  sacctdated  portion,  are  numerous  mucous 
glands. 

Attached  to  the  vas  deferens,  near  the  head  of  the  epi- 
didymis, is  a  little  mass  of  convoluted  and  sacculated  Irubes, 
called  tbe  organ  of  Girald^s,*  or  the  corpus  innominatmn. 
This  body  is  from  -J-  to  J  of  an  inch  long  and  j^-  of  an  inch 
broad.  Its  tubes  are  lined  with  cells  of  pavement-epitheliuin, 
which  are  often  filled  with  fatty  granules.  Generally,  the 
tubes  present  only  blind  extremities,  but  some  of  them  oc- 
casionally communicate  with  the  tubes  of  the  epididymis. 
This  organ  has  no  physiological  importance,.    It  is  regarded 

'  BuDOE,  Zehrbueh  der  tpecieUen  Ph^logU  da  Memehm^  I-«ipa^g.  1862,  8, 
787. 

■  GtOAtJ^ics,  Recherche*  anatomises  mtr  h  €mj»  iftrwmifU. — Journal  de  la 
phyniaJtitfif^^  Paria,  1S61,  tome  U\,  p.  1,  fl  teq, 
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by  Girald^a  as  a  remnant  of  the  Wolffian  body,  analogous  to 
the  parovarimn, 

VesiculcB  Seminales.—Ati^hed  to  the  base  of  the  blad* 
der  and  situated  externally  to  the  vasa  deferentiaj  are  the 
two  vesicute  seminalea.  These  bodies  are  each  composed  of 
a  coiled  and  sacculated  tnbe,  from  four  to  six  inches  in  lengtkJ 
when  nnrayelled,  somewhat  convoluted,  in  the  natural  state,' 
into  an  ovoid  mass  which  ie  firmly  bound  to  the  vesical  waE. 
Tlie  structure  of  the  seminal  vesicles  is  not  very  unlike  that 
of  the  sacculated  portion  of  the  vasa  deferentia,  They  have 
an  external  fibrous  coat,  a  middle  coat  of  muscular  fibres,  and 
a  mucous  lining.  Muscular  fibres  pass  over  these  vesicles 
from  the  bladder,  both  in  a  longitudinal  and  in  a  circular  di- 
rection, and  serve  as  compressors,  by  the  action  of  which 
their  contents  may  be  discharged.  The  mucous  coat  is  pale, 
finely-reticnlated,  and  is  covered  with  cells  of  polygonal  epi- 
thelium, nucleated  and  containing  brouTiish  granules.  Ko 
mucous  glands  have  been  found  in  its  substance. 

The  vesiculffi  seminales  imdoubtedly  serve,  in  part  at 
least,  as  receptacles  for  the  seminal  fiuid,  as  their  contents 
often  present  a  greater  or  less  number  of  spermatozoids. 
The  essay  of  John  Hunter  on  the  vesiculm  seminales,  first 
published  in  17SH,  in  which  the  idea  was  advanced  that  tliey 
did  not  serve  as  receptacles  for  the  semen,  showed  that  they 
produced  an  independent  secretion  which  became  mixed  with 
the  product  of  the  testicles  in  ejaculation ;  but  this  opinion 
was  not  based  upon  microscopical  observations,  and  the  pres> 
ence  or  absence  of  the  spennatozoids  was  not  noted,*  Al- 
though the  mucous  membrane  of  the  vesicles  seems  to  pro- 
duce an  independent  secretion,  the  presence  of  glands  has  not 
been  demonstrated.  The  fact  that  the  fluid  capable  of  fecun- 
dating the  ovum  is  produced  only  by  the  testicles,  tJmt  the 

^  ECMTKE,  06tenMH»iu  on  the  Glandt  tiiuaied  beimem  tkt  Etfimi  and  Mad- 
ifcri  €QSed  Vtnntim  Smmmleg, — ObmrviUiom  on  evHotfi  ParU  of  the  Ammai 
(Emnmn*f,  London,  17&S,  p.  SI,  «C  ee^. 
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gpermatozoids  are  the  true  feeimdating  elemeats  of  the  malSi 
and  that  these  are  developed  in  the  testicles^  shows  that  the 
BpermatozoidB  found  in  the  seminal  vesicles  pass  into  their 
cavity  from  the  vasa  deferentia. 

The  ejaculatory  dncts  are  formed  by  the  nmon  of  the 
vasa  deferentia  with  the  ducts  of  the  vesicuhE  seminales  on 
either  side,  and  open  into  the  prostatic  portion  of  the  ure- 
thra. Except  that  their  coats  are  much  thinner,  they  have 
essentially  the  same  structure  as  the  vasa  deferentia. 

Pt*o&tais, — SuiTounding  the  commencement  of  the  ure- 
thra, including  what  is  known  as  its  prostatic  portion,  is  the 
prostate  gland  or  body.  This  organ,  except  as  it  secretes  a 
fluid  which  forms  a  part  of  the  ejaculated  semen,  has  chiefly 
a  surgical  interest,  so  that  it  is  unnecessary  to  describe  mi- 
nutely its  form  and  relations.  It  is  enveloped  in  an  exceed- 
ingly dense,  fibrous  coat,  contains  numerous  glandular  struct- 
ures opening  into  the  urethra,  and  presents  a  great  number 
of  non-striated,  with  a  few  striated  muscular  fibres,  some  just 
beneath  the  fibrous  coat  and  others  penetrating  its  substance 
and  snrrounding  the  glands/ 

The  glands  of  the  prostate  are  most  distinct  at  that  por- 
tion which  lies  behind  the  urethra.  In  the  posterior  portion 
of  this  canal|  are  found  about  twenty  openings,  which  lead  to 
tnbefi  ramifying  in  the  glandular  substance.  These  tubes 
are  formed  of  a  structureless  membrane,  branching  as  it 
penetrates  the  gland.  They  present  hemispherical  diverticula 
in  their  course,  and  terminate  in  dilated  extremities,  which 
are  looped  and  coiled.  In  the  deeper  portions  of  the  tubes, 
tlie  epithelium  is  columnar  or  cubical,  becoming  teaeelated 
neiir  their  openings,  and  sometimes  laminated. 

The  prostatic  fluid,  according  to  Robin,  is  secreted  only 
at  the  moment  of  ejaculation.*    Its  characters  will  be  consid- 

*  Klein,  in  Btbicxer,  Manual  of  Human  atul  CmnparaHm  Buiotoff^^  The 
New  Sydenham  Society,  London,  18t2,  vol  u.,  p.  297, 
»  RoBijr,  Lepmt  tnr  k»  httmeurt^  Parifl,  ISdt,  p.  d&8. 
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ered  under  the  head  of  the  seminal  fluid ;  but  we  may  here 
note  that  it  has  been  thought  by  Kraus,  that  the  prostatic 
fluid  has  the  important  function  of  maintaining  the  vitality 
•  of  the  spermatozoids.  "  The  spermatozoa,  in  the  absence  of 
the  prostatic  fluid,  cannot  live  in  the  mucous  membrane  of 
the  uterus  of  mammalia ;  but  with  its  aid  they  may  live  for 
a  long  time  in  the  uterine  mucus,  often  more  than  thirty-six 
hours." » 

Glands  of  the  Urethra. — ^Anterior  to  the  prostate,  open- 
ing into  the  bulbous  portion  of  the  urethra,  are  two  small 
racemose  glands,  called  the  glands  of  M6ry  or  of  Cowper. 
These  have  each  a  single  excretory  duct,  are  lined  through- 
out with  cylindrical  epithelium,  and  secrete  a  viscid,  mucus- 
like fluid,  which  forms  a  part  of  the  ejaculated  semen.  Some- 
times there  exists  only  a  single  gland,  and  occasionally,  though 
rarely,  both  are  absent.  Their  function  is  probably  not  very 
important. 

The  glands  of  Littre,  found  throughout  the  entire  urethra, 
and  most  abundant  on  its  anterior  surface,  are  simple  race- 
mose glands,  extending  beneath  the  mucous  membrane  into 
the  muscular  structure,  presenting  here  four  or  five  acini. 
As  these  acini  are  thus  surrounded  by  muscular  fibres,  we 
can  readily  understand  how  their  secretion  may  be  pressed 
out  during  erection  of  the  penis.  They  are  lined  throughout 
with  columnar  or  conoidal  epithelium,  and  secrete  a  clear  and 
somewhat  viscid  mucus,  which  is  mixed  with  the  ejaculated 
semen. 

Male  Elements  of  Generation. 

The  ejaculated  seminal  fluid  contains  the  male  elements 
of  generation ;  but  it  must  be  remembered  that  the  complex 
fluid  known  as  the  semen  is  composed  of  anatomical  elements 

*  KiuuB,  Preliminary  Communication  concerning  the  Function  of  (he  Pros- 
tate Gland. — Medical  Times  and  Oazette^  London,  1871,  toI.  i.,  p.  ITO.  A  sec- 
ond and  a  more  elaborate  communication  in  the  same  Tolome  of  the  Medical 
7Vm«f  and  Oaxette  is  devoted  mainly  to  the  pathology  of  the  prostate. 
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developed  in  the  testicle  itself,  mixed  with  the  secretion  of 
the  vasa  deferentia,  of  the  vesiculae  seminalea,  of  the  glands 
of  the  prostate,  and  of  the  glands  of  the  nrethra.  As  we 
shall  see  when  we  come  to  discuss  the  mechanism  of  fecunda- 
tion of  the  ovum,  the  spermatozoids  are  the  essential  male 
elements,  and  these  are  produced  in  the  substance  of  the  tee- 
tide,  by  a  process  analogous  to  that  of  the  development  of 
other  true  anatomical  elements,  and  not  by  the  raeclianism 
with  which  we  are  familiar  in  secreting  glands.  The  testicles 
cannot  be  regarded  strictly  as  glandular  organs.  They  are 
analogous  to  the  ovaries,  and  are  the  only  organs  in  which 
spermatozoids  can  be  developed,  as  the  ovaries  are  the  only 
organs  in  which  the  ovum  em  be  formed.  If  the  testicles 
be  absent,  the  power  of  fecundation  is  lost,  none  of  the  fluids 
secreted  by  the  accessory  organs  of  generation  being  able  to 
perform  tlie  fxmctions  of  the  true  fecundating  elements. 

In  the  healthy  male,  at  the  t'limax  of  a  normal  venereal 
orgasm,  from  half  a  drachm  to  a  di^achm  of  seminal  fluid  is 
ejaculated  with  considerable  force  from  the  urethra,  by  an 
involuntary  muscular  spasm.  This  fluid  is  slightly  mucilagi- 
nous, grayidx  or  whitish,  streaked  with  lines  more  or  less 
opaque,  and  evidently  contains  various  kinds  of  mucus.  It 
has  a  faint  and  peculiar  odor,  sui  generis^  which  is  observed 
ODly  in  the  ejaculated  fluid  and  not  in  any  of  its  constituents 
examined  separately*  It  is  a  little  heavier  than  water,  and 
does  not  mix  with  it  or  dissolve.  After  ejaculation,  it  be- 
comes jelly-like  and  dries  into  a  peculiar,  hard  mass,  which 
may  be  softened  by  the  application  of  appropriate  liquids. 
The  liquid  is  not  coagulated  by  heat  and  does  not  contain  al- 
bumen. Its  reaction  is  faintly  alkaline.  It  contains,  in  the 
human  snbject,  from  100  to  120  parts  of  solid  matter  per 
1000.* 

The  chemical  constitution  of  the  semen  has  not  been  very 
thoroughly  investigated  and  does  not  present  the  same  phyai* 
ological  interest  as  its  anatomical  characters.    Aside  from 

'  Bo  BIN,  Xe^Ofit  ffur  Im  hwmmtn^  FAtia,  1S57|  p.  86G. 


BU 


GENEBATlOSr. 


the  anatomical  elements  derived  from  the  testicles  and  the 
genital  passages,  it  preseuts  an  organic  principle  (spennatine) 
which  has  nearly  the  same  chemical  characters  as  ordinary 
mucosine.  It  also  contains  a  considerable  quantity  of  phos- 
phates, particularly  the  phosphate  of  magnesia.  During  des- 
iccation, the  characteristic  crystals  of  this  salt  nsnally  make 
their  appearance ;  and,  in  the  decomposed  fluid,  we  frequent- 
ly find  crystals  of  the  triple  phosphates. 

The  composite  character  of  the  seminal  fluid  will  be  better 
understood  if  we  examine  briefly  the  properties  of  the  dif- 
ferent mucous  secretions  which  enter  into  its  composition. 

In  the  dilated  portion  of  the  vasa  deferentia,  the  mucous 
glands  secrete  a  fluid  which  is  the  first  added  to  the  sperma- 
tozoids  as  they  come  from  the  testicles.  This  fluid  is  brown- 
ish or  grayish,  and  contains  epithelium^  and  small,  rounded 
gramJations,  which  nre  dark  and  strongly  refractive.  The 
liquid  itself  is  very  slightly  viscid. 

In  the  vesiculffi  seminalos,  there  is  a  more  abundant  secre- 
tion of  a  grayish  fluid,  with  epithelium,  little  colorless  con- 
cretions of  nitrogenized  matter,  called  by  liobin,  sympeiions,' 
and  a  few  leucocytes. 

The  glandular  structures  of  the  prostate  produce  a  creamy 
secretion,  containing  numerous  fine  granulations*  It  is  chiefly 
to  the  admixture  of  this  fluid  that  the  semen  owes  its  whitish 
appearance.  Finally,  as  the  semen  is  ejaculated,  it  received 
the  exceedingly  viscid  secretion  of  the  glands  of  Cowper,  a 
certain  amount  of  stringy  mucus  from  the  follicles  of  the 
urethra,  with,  perhaps,  a  little  of  the  urethral  epithelium. 

Anatomically  considered,  the  seminal  fluid  contains  no 
important  elements  except  the  spennatozoids,  the  various  se- 
cretions we  have  mentioned  serving  sunply  as  a  vehicle  for 
the  introduction  of  these  bodies  into  the  generative  passages 
of  the  female.  We  shall  therefore  consider  only  the  struct- 
ure of  the  spermatozoids,  their  movements,  and  the  process 
of  their  development, 
1  Limi  BT  RoBiir,  IHeiimnairt  dt  midfieme^  F4ria,  1878,  Article,  Syrr^fexkn, 
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Sjpeimaiosmds. — In  August,  1077,  a  Gennan  student, 
tianied  Von  Hammen,*  diseovDred  the  spenimtozoids  in  the 
hmnan  semen,  and  exhibited  them  to  Leeuwenhoek,  who 
studied  them  as  closely  a^s  was  possible  witli  the  intitruments 
at  Ilia  oommand.  For  a  long  time,  they  were  regarded  as  liv- 
ing aniraakades ;  thongh  now  they  am  considered  simply  as 
peculiar  anatomical  elements,  endowed  with  movements,  like 
ciliated  epithelium.  These  element-s  are  developed  within 
the  seminiferous  tubes,  by  a  process  w^hich  has  been  most 
elaborately  and  a(?eurately  described  by  KuUiker.  They  dif- 
fer, not  m  much  in  their  mode  of  development  as  in  their 
form,  in  different  animals.  We  shall  describe,  however,  only 
the  spermatozoids  of  the  human  subject,  and  we  find  that 
the  hii^tory  of  their  development,  as  given  by  Kolliker,  hafi 
not  been  essentially  modified  by  more  recent  refiearehes. 

If  we  examine  a  specimen  of  the  fluid  taken  from  tie 
vesicuUe  seminales  of  an  adult  who  has  died  suddenly,  or  the 
ejaculated  eemen,  we  find  that  it  contains,  in  addition  to  the 
various  accidental  or  unimportiint  anatomical  elements  which 
we  have  mentioned,  innumerable  bodies,  resembling  animal- 
cnlea,  which  present  a  flattened,  conoidal  bead  and  a  long,  ta- 
pering, filamentous  tail.  The  caudate  ap|jendage  is  in  active 
motion,  and  the  spermatozoids  move  about  the  field  of  view 
with  considerable  rapidity  and  force,  puahing  aside  little  cor- 

*  Lkscwekhokk,  SpUtoitf,  Lugd.  BaIav,,  1710,  tomiu  L,  p.  59. 

The  dincovery  of  the  spenoatoaEolcU  innrka  an  em  in  tb©  hbtory  af  generic 
tioiif  AS  it  wftfl  the  first  positJTo  fjurt  In  opposition  to  the  ooibJnoiily-tvc^ed 
opinion  thut  fcetindstion  wafl  aocomplidhed  by  the  aura  tunninaliii^  or  Tupnr  ex* 
ll^led  from  the  seminal  fluid.  It  is  c«rio»w,  however^  that  wc  nri»  not  ablo  to 
atftte  positively  the  correct  name  of  the  discoverer  Leetiwerihoek,  from  whoso 
orfgiDsl  work  the  above  reference  hai  been  tnken^  calls  the  name  Hammiui^ 
which  ts  evidently  s  GenniLn  name  rendered  into  Latin,  Milne  Edwanis  calls 
the  name  Uain.  {Lefons  tur  la  jihytifdwfU^  Paris,  ISes,  toroe  sul^  p.  839,)  Lon- 
get  spells  the  name  Hamm.  (Traiti  dt  phy^iolmjie^  Paris,  1869»  tome  iii.,  p, 
781.)  Sprengd  {BiMtoirt  de  la  mMrrinr,  tnuhftr  j»ttr  JocRi» an,  Paris,  1815,  tome 
(t.,  p.  809)  fpeaks  of  the  discoverer  as  a  young  phrsician  of  Daniiiek,  Loma  de 
Haminen  (probabl?  Von  nammen).  The  name  is  known  in  the  history  of 
physiology  chiefly,  if  not  entirely,  from  the  letters  of  Leeuwenhoek* 
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puscles  or  granules  with  which  they  come  m  contact.  This 
is  supposed  to  be  an  indication  of  the  vitality  of  the  spenna- 
tozoids,  which  are  not  thought  to  be  capable  of  fecundating 
the  ovum  after  their  movements  have  ceased.  Under  favor- 
able conditions,  particularly  in  the  generative  passages  of  the 
female,  the  movements  continue  for  days ;  and  this  fact  is 
important,  as  we  shall  see  hereafter,  in  its  bearing  upon 
the  limits  of  the  time  of  fecundation. 

Microscopical  examination  does  not  reveal  any  very  dis- 
tinct structure  in  the  substance  of  the  spermatozoids.    The 

head  is  about  j^^  of 
an  inch  long,  ■^\jf  of  an 
inch  broad,  and  tt^tht 
of  an  inch  in  thickness. 
The  tail  is  about  yj^  of 
an  inch  in  length.  La 
Valette  St  George  has 
found,  in  man  and  many 
of  the  inferior  animals, 
the  "intermediate  seg- 
ment "  described  first 
by  Schweigger  -  Seidel,* 
though  he  does  not  agree 
with  Schweigger- Seidel 
that  this  portion  is  mo- 
tionless.' Tlie  length  of 
the  intermediate  seg- 
It  is  usuallv  described  as 


Hamuli  spormatosnldA.  MairniflM  POft  diameters. 
(LrernKA.  Anntnmif  det  Jlenachen,  Tubin- 
gen, IsW,  B<1.  ii,  S.  if72.) 

ment  is  alwut  xtsW  ^^  ^^  inch. 


the  l)eginning  of  the  tail ;  and  the  only  diflference  between 
this  and  other  portions  is  tliat  it  is  a  little  thicker. 

According  to  Kr)lliker,  water  speedily  arrests  the  move- 
ments of  the  spermatozoids,  which  may  be  restored  by  the  ad- 

*  Stiiweioof.r-Seidkl,  CchiT  die  Satntnl-drperchni  und  ihrt  Entvicklunff. — 
Archiv  fur  tnikronkopisrhe  Anafomir^  Bonn,  1865,  IW.  i.,  S.  819. 

•  La  Valette  St.  George,  in  Stricker,  Manval  of  Human  and  Comparative 
Hijttolwfv,  The  Xcw  Sydenham  Soiiety,  London,  1872,  toL  ii.,  p.  151. 
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dition  of  dense  stiline  and  other  solutions.  All  of  the  alka- 
line animal  fluids  of  moderate  viscidity  favor  the  movements, 
while  the  action  of  acid  or  of  verj  dilute  solutions  is  mifa- 
Torahle.  The  movements  are  suspended  by  extreme  cold,  but 
return  when  the  ordinaiy  temperature  is  restored,* 

Before  the  age  of  puberty,  the  seminiferous  tubes  are 
much  smaller  than  in  the  adult,  and  contain  small,  trans- 
parent  eellsj  which,  in  their  form  and  an-angemeutj  resemble 
epithelium.  As  puberty  approaches,  however,  the  tubes  be- 
come larger,  and  the  cell-contents  incTease  in  size.  At  this 
time,  there  seem  to  be  two  kinds  of  cells ;  an  epithelium, 
in  the  form  of  irregularly-shaped  cells,  lining  the  tubes,  and 
rounded  cells,  containing  one  or  more  nuclei,  some  of  the 
cells  appeiiring  to  be  in  process  of  segmentation.  Many  of 
the  oella  lining  the  tube,  according  to  La  Valette  St.  (leorge, 
present  a  roundeil  portion,  with  a  large,  clear  nucleus,  applied 
to  the  tube-wall,  t3ach  with  a  caudate  pmlongation  projecting 
into  the  tube.*  Sometimes  the  projections  from  the  different 
cells  anastomose  with  each  other,  forming  a  kiud  of  net- 
work^ which  1!^  possibly  tbe  appearance  of  segmentation,  de- 
scribed by  Kolliker, 

In  the  central  portions  of  the  tubes  of  the  adidt,  are 
rounded  vesicles,  from  inW  ^^  bH  ^^  *^  ^^^  ^^  diameter, 
each  containing  from  two  to  twenty  transparent  nuclei 
measuring  from  j^f^  to  ^tjVtt  ^^  *^^  inch,  In  these,  which 
are  called  the  seraiiuil  cells,  La  Talette  St.  George  has  dis- 
covei*ed  amt eboid  movements."  The  large  vesicles  with  mul- 
tiple nuclei  are  the  seat  of  development  of  the  spennato- 
zoids.  The  nuclei  of  the  vesicles  appear  to  be  transformed 
into  the  heads  of  the  spermatozoids,  and  the  filamentous  ap- 
pendages, which  are  seen  in  the  vesicles  in  various  stages  of 
formation,  are  developed  gradually.     It  often  occurs  that, 

>  KoLtiCKft,  tthneniM  cPhistoloffk  kwnaine^  P&rifi,  18f)8^  p.  6S3, 
*  Li  Vauctte  Sr.  Gkorok,  In  dnucnan,  Mtumaiof  Bmmn  and  Compataii^ 
Hisfofofft/^  The  New  Sydeohwa  Sodety,  Loadoa^  1872,  toI  ii*,  p,  188. 


when  from  ten  to  twenty  epermatozoids  are  developed  in  a 
single  vesicle,  the  heads  and  tails  are  arranged  regularly, 
side  bj  side  ;  but  when  but  two  or  three  are  observed,  their 
arrangement  is  irregular.  The  vesicular  envelopes  finally 
disappear  and  the  spermatozoids  are  liberated ;  but  this 
only  occurs  in  the  rete  testis  and  in  the  epididymis.  In  the 
epididymis  and  the  vasa  deferentia,  the  spermatozoids  are 

Fra.  81 
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two   BporlllH1<VJ>l<l^  un- 
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motionless,  though  they  are  not  enclosed  in  vesicles,  appar- 
ently from  the  density  of  the  substance  in  wlueh  they  are 
embedded ;  for  movements  are  sometimes  presented  when 
the  contents  of  the  vasa  deferentia  are  examined  with  the 
addition  of  water  or  saline  solutions.     Once  in  the  vesicuke 
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seminales^  or  after  ejaculation,  the  Bpermatozoids  are  invEri- 

ably  ill  active  motion/ 

The  Bemen  thus  deydoped  and  mixed  with  the  various 
Becretions  before  meutioned  is  found  during  adult  life  and 
eyen  at  an  advanced  age ;  and,  under  physiological  condi- 
tions, it  contains  innumerable  epermatozoids  in  active  move- 
ment But  if  sexual  intercourse  be  frequently  repeated  at 
short  intervals,  the  ejaculated  fluid  becomes  more  and  more 
transparent,  homogeneous,  and  scanty,  and  may  consist  of  a 
small  amount  of  secretion  from  the  vesiculre  seminales  and 
the  gbnds  opening  into  the  urethra,  without  spermatozoids, 
and  consequently  deprived  of  fecundating  properties. 

In  old  men,  the  seminal  vesicles  may  not  contain  sperma- 
tozoids ;  but  this  is  not  always  the  case,  even  in  very  advanced 
life.  Instances  are  constantly  occurring  of  men  who  have 
children  in  their  old  age,  in  which  the  paternity  of  the 
offsj)ring  can  hardly  be  doubted.  Dupky,  in  1853,  examined 
the  semen  of  a  number  of  old  men,  and  found,  in  about  half 
the  n  amber,  spermatozoids,  normal  in  appearance  and  quan- 
tity, though,  in  some,  the  veaiculie  seminales  contained  either 
none  or  very  few.  Some  of  the  individuals  in  whom  the 
spermatozoids  were  normal  were  between  seventy-three  and 
eighty-two  years  of  age-*  More  recently,  M.  A.  Dieu  has 
investigated  the  same  question.  In  his  conclusions,  adding 
to  his  own  observations  the  fifty-one  cases  noted  by  Duplay, 
he  gives  the  following  results,  in  one  himdred  and  fifty-six 
old  men ; 

1  K5LL1KJUI,  tlhnetiU  d'hiMolo^e  hununne^  Paris,  18$$^  p.  678.  ^  •o?. 

*  DcrLAT,  Beeherches  ntr  U  tperme  dft  viHUards, — Anknm  ghUroUM  d*  m^ 
decint^  Parig,  1852,  4«  sdrie,  tome  xx^.,  p.  997. 

DopUy  fiecms  to  have  beea  tbe  firvt,  except  Wttgner,  to  hme  demODttinled 
microscopically  the  preaencc  of  spermatoxoidB  In  the  refliGulra  eiiiniiuJes  of  old 
tnetif  but  othLTs  bad  found  a  liquid  like  the  semen  in  the  vesicled  aad  testictcfi. 
Duplaj  cited  a  ca^  of  this  kind  reported  by  Timmiua,  in  an  old  man  of  nioeiy- 
four.  Wagner  {Mementi  of  Pkymolo^,  London^  1841,  p.  7)  makes  the  foUow- 
ing  Btatement :  **  I  have  constantly  found  seminal  animalcules  In  the  dutd  of  the 
tettla  of  Tory  aged  men  \  it  h  only  among  weakly  and  decrepld  indliriduals  that 
the  proeroative  faculty  is  really  lo«t.*' 
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"  25  sexagenarians  gave  a  proportion,  still  presenting 
spermatozoids,  of  68*5  per  100. 

"  76  septuagenarians  gave  a  proportion,  still  presenting 
spermatozoids,  of  59*5  per  100. 

"  51  octogenarians  gave  a  proportion,  still  presenting  sper- 
matozoids, of  48  per  100. 

"  4,  having  passed  the  age  of  90  years,  gave  entirely  nega- 
tive results." 

The  oldest  man,  in  the  eases  reported  by  Duplay,  was 
eighty-two,  and,  in  those  noted  by  Dieu,  eighty-six  years, 
which  latter  Dieu  fixes  as  the  limit,  not  having  observed  sper- 
matozoids after  that  age.  The  observations  were  made  by 
examining  the  contents  of  the  generative  passages  twenty- 
four  hours  after  death.  Some  of  the  subjects  died  of  acute, 
and  others,  of  chronic  diseases ;  but  the  mode  of  death  did 
not  present  any  differences  in  the  cases  classed  with  reference 
to  the  presence  of  spermatozoids.  As  a  result  of  his  own  and 
other  investigations,  Dieu  comes  to  the  conclusion  that  the 
power  of  fecundation  in  the  male  often  persists  for  a  consid- 
erable time  after  the  power  of  copulation  has  been  lost  sim- 
ply from  incapacity  for  erection  of  the  penis.* 

'  Dieu,  Recherchet  sur  U  sperme  de%  tfieiUards. — J<mm<il  de  Vanatomie  et  de  la 
phynoicffte^  Paris,  1867,  tome  iv.,  p.  449,  et  aeo. 
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Goitus — Action  of  the  male — Erecfcioti — ^EIjftculatioTi  of  aeiuen — Action  of  the  fe- 
male— Erection  of  Che  female  organs — ^Action  of  the  cerrU  aad  oe  uteri 
ditring  s^xunl  excltemeiit — Entrance  of  epennatazoids  iato  the  uterus — 
GottTie  of  the  spcrmatozoida  through  the  female  genernttvc  passages — 0u* 
ration  of  vitality  of  ■pennatosoida  and  ora — Mechanism  of  fecundation^— 
Determination  of  the  sex  of  offtpring — Hereditary  trauflmlssion — Supcrf^^ 
cundatioD — Iniuence  of  the  maternal  mind  on  offering — Union  of  the 
male  with  the  female  element  of  generation — Passage  of  the  spermatozoida 
through  the  Titelllue  membrane, 

Aa  far  as  the  male  is  concerned,  coitus  ib  rendered  possi- 
ble by  erection  uf  the  penis.  This  may  occur  before  puberty, 
but,  at  this  timcj  intercourse  cannot  be  fruitful.  As  wc  have 
seen  in  a  previous  chapter,  coitus  may  be  impossible  in  old 
age,  from  absence  of  the  power  of  erection ;  but  6j>eniiato- 
zoids  may  still  exist  in  the  vesicnlte  seminales,  and  fecunda- 
tion might  occur,  if  the  seminal  fluid  could  be  discharged  in- 
to the  generative  passages  of  the  female.  Coitus  may  take 
place  in  tlie  female  before  the  age  of  puberty  or  after  the 
final  cessation  of  the  menses,  but  intercourse  cannot  then 
be  fruitful*  There  are  sufficiently  numerous  examples  of 
conception  following  what  would  be  called  imperfect  inter- 
course, as  in  cases  of  unrupturcil  hymen,  deformities  of 
the  male  organs,  etc.,  to  show  that  actual  penetration  of 
the  male  organ  is  not  essential,  and  that  fecundation  may 
occur,  provided  the  seminal  fluid  tind  its  way  into  even  the 
lower  part  of  the  vagina.  Conception  has  also  followed  in- 
tercourse, when  the  female  has  been  insensible  or  entirely 
l»fl88ive ;  but  we  shall  only  consider  the  physiology  of  com- 
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plete  and  normal  intercourse,  when  both  the  male  and  fe* 
male  participate,  more  or  lesg,  in  the  sexual  act. 

Action  of  the  JTa/^,— The  act  of  sexnal  interconree  is  pre- 
ceded, in  the  male,  by  a  longer  or  shorter  period  of  excite- 
ment, the  most  important  manifestation  of  which  is  erection 
and  rigidity  of  the  penis.  This  is  largely  controlled  by  the 
nei'voos  system.  It  may  be  due  to  distention  of  the  vesiculae 
seminales,  and,  perhaps,  of  the  tubes  of  the  testicle  and  epi- 
didymis after  prolonged  continence,  to  the  imagination,  or 
to  the  presence  or  thought  of  a  female  exciting  desire.  The 
excitement  may,  also,  be  arrested  by  a  sudden  feeling  of  dis- 
gust, modesty,  or  fear ;  and  it  sometimes  happens  that  the 
excitement  is  so  intense  that  the  male  organ  becomes  flaccid 
without  ejaculation.  An  occurrence  of  this  kind  frequently 
occasions  such  an  amount  of  mortification  and  apprehension 
for  the  future,  that,  from  the  mere  dread  of  a  similar  acci- 
dent, there  is  frequently  an  incapacity  for  intercourse  when, 
in  all  other  respects,  the  conditions  are  absolutely  normal. 
Pliysidans  have  frequent  occasion  to  observe  this,  especially 
in  the  newly-married,  who  are  often  afflicted  with  the  fear  of 
permanent  sexual  incapacity,  and  seek  profesaional  advice. 
This  illustrates  the  influence  of  the  nervous  system  upon  the 
sexual  oi^gans,  in  the  absence  of  diseased  conditions. 

Unlike  certain  of  the  lower  animals,  the  lumian  subject 
presents  no  distinct  periodicity  in  the  developnient  of  the 
spermatozoids ;  but,  in  reiterated  connection,  an  excitement 
and  orgasm  may  occur  when  the  ejaculated  fluid  has  no  fe- 
cundating properties*  Such  frequently-repeated  sexual  acts 
are  abnormal ;  but,  from  a  purely  physiological  point  of 
view,  prolonged  continence  is  equally  unnatural  and  may 
react  unfavorably  on  the  nervous  system.  No  absolute  or 
even  approximative  rule  can  be  laid  down  with  regard  to  the 
frequency  with  which  intercourse  may  take  place  within 
physiological  limits.  We  may  assume  that  these  conditions 
ai-e  fulfilled,  first,  when  intercourse  is  confined  within  the 
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iinuts  of  l6gitimacy,  after  the  unufiaal  excitement  of  novelty 
has  passed ;  second,  when  both  the  male  and  female  ai-e  m 
perfect  health,  and  no  undue  degree  of  lassitude  follows  co 
itue,  after  a  proper  period  of  repose ;  third,  when  there  is  no 
marked  diniinntion  of  sexual  desire,  except  that  which  may 
be  accounted  fur  by  age ;  fourth,  when  pitignancy  occurs  at 
proper  intervals,  progresses  normally,  and  is  followed  by  the 
iitinual  period  of  lactation;  fifth,  when  menstniation  is  regu- 
lar, and  when  there  is  a  perio<l,  tisuully  after  the  cessation  of 
the  flow,  daring  which  there  is  unusual  sexual  excitement, 
responded  to  by  the  male,  and  disappearing  after  the  sexual 
desires  have  been  gatisfieiL  It  may  be  somewhat  rare  to  find 
these  conditions  fulfilled  in  all  i^'spects,  as  so  few  men  and 
women  in  cinlized  life  are  absolutely  nonnal  during  adult 
age,  and  as  the  scmrces  of  unnatural  sexual  excitement  are  so 
numerous ;  but  they  approximatively  represent  the  physio- 
logical performance  of  the  generative  functions  in  both  sexes. 
It  is  true  that  the  female  can  frequently  endure  sexual  ex- 
cesses better  than  the  male,  because  she  is  more  passive  and 
may  often  not  participate  in  the  venereal  excitement ;  but  if 
we  assume  that  intercourse  is  physiologically  confined  witliin 
the  limits  fixed  by  social  laws,  the  same  rules  as  regards  fre- 
quency of  the  sexual  act  should  apply  to  both.  It  is  certain 
tliat  intercourse  is  not  nonnal  in  the  female  during  men- 
struation or  during  the  greater  part  of  utero-gestation  ;  and, 
at  these  times,  it  is  physiological  that  the  male  should  be 
continent.  Taking  our  view  chiefly  from  what  appear  to 
be  the  sexual  requirements  of  the  female,  intercourse  most 
properly  tiikcs  place  at  the  time  fallowing  the  menstrual 
flow  when  there  is  usually  a  certain  amoimt  of  sexual  excite- 
ment, and  this  should  not  be  immediately  repeated,  though 
it  may  be  physiological  after  a  few  days.  As  sexual  excite- 
ment is  gratified  and  diminishes,  intercourse,  as  far  as  the 
desires  of  the  female  are  concerned,  is  suspended,  and  it  does 
not  take  place  to  any  great  extent  during  pregnancy.  This 
seems  to  correspond  with  the  normal  progress  of  the  genera- 
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five  functions,  as  we  have  traced  it  in  the  female.  It  is  evi- 
dent that  this  is  a  subject  of  great  delicacy,  and  one  that  is 
with  difficulty  brought  to  the  requirements  of  rigid  scientific 
inqniry ;  still  it  can  hardly  be  avoided  in  a  full  account  of 
the  physiology  of  geneiittion,  and  is  a  question  often  pre- 
sented to  the  practical  physician. 

Although  we  have  not  yet  considered  fully  the  mechan- 
ism of  erection,  but  little  remains  to  be  said  on  this  subject 
after  our  discussion,  in  another  volume,  of  the  general  stmct- 
ure  of  erectile  tissues/  The  cavernous  and  spongy  bodies  of 
the  penis  are  usually  taken  as  the  t;y^  of  erectile  organs.  In 
these  parts,  the  arteries  are  large,  contorted,  provided  with 
imusuaUy  thick  muscular  coats,  and  connected  with  the 
veins  by  vessels  considerably  larger  than  the  true  capillaries. 
They  are  supported  by  a  strong  fibrous  net-work  of  trabeo- 
iilae  which  contains  non-^stinated  muscular  fibres;  so  that, 
when  the  blood-vessels  are  completely  filled,  the  oi^n  be- 
comes enlarged  and  hai-dened,  and  can  penetrate  the  vagina. 
The  researches  of  Eckhaixi  on  the  nerves  of  erection  show 
condnsively  that  the  vessels  of  erectile  tissues  are  distended 
by  an  enlargement  of  the  arterioles  of  supply,  and  that  there 
is  not  simply  a  stasis  of  blood  produced  by  constriction  of  the 
veins,  except,  perhaps,  for  a  short  time,  during  the  period  of 
most  intense  venereal  excitement.  In  experiments  upon  dogs, 
Eckhard  discovered  a  nerve  derived  from  the  sacral  plexus, 
stimulation  of  which  produced  an  increase  in  the  flow  erf 
blood  tlii*ough  the  pcnit*,  attended  with  all  the  phenomena  of 
erection.  This  nerve  arises  by  two  roots  at  the  sacral  plexns, 
from  the  first  to  the  tliird  sacral  nerves.  In  the  experi- 
ments referred  to,  by  a  comparison  of  the  quantity  of  venous 
blood  coming  from  the  penis  before  and  during  the  stimu- 
lation of  the  nerve,  Eckhard  found  a  great  increase  during 
erection,"     It  is  probable  that,  in  addition  to  the  arterial 

^  See  vol.  i.,  Gir^uktion^  p.  837« 

Rohiti  I  OUfrva/hn*  wff  la  tcmBiitiUio^  du  titittt  krecitU,  lutt  d  !a  Sociit4  de 
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fliktatioii,  when  the  penis  attains  its  maximum  of  rigidity, 
there  is  a  certain  amount  of  ohstraction  to  the  outflow  of 
blood,  by  oompressioE  of  the  veins,  and  that  the  rigi(iity  is 
iDoreased  by  contraction  of  the  trabecular  muscular  fibi^es  of 
the  corpora  cavernosa. 

During  erection,  the  penis  becomes  exquisitely  senjsitive^ 
especially  at  the  glans ;  introduction  of  the  organ  into  the 
vagina,  pressure  by  the  constrictor  muscle,  and  friction  in- 
crease this  semibility^uutil  the  venereal  orgasm  occurs.  At 
this  time,  there  is  a  peculiar  and  indefinable  sensation,  al- 
most immediately  followed  by  spa^iraodic  contractions  of  the 
vesiculae  seniinales  and  the  ejaculatory  muscles,  and,  at  the 
climax  of  the  orgasm,  the  semen  is  discharged  from  the  ure- 
thra with  considerable  force.  This  is  followed  by  a  feeling 
of  lassitude,  a  general  sense  of  fatigue  of  the  generative  or- 
gans, flaccidity  of  the  penis,  and  it  is  some  time  before  the 
venereal  appetite  c^n  be  again  axcited.  Although  this  is  the 
physiological  meehaniam  of  a  seminal  discharge,  friction  of 
the  parts  is  not  absolutely  necessary,  as  is  shown  by  the  oc- 
currence of  orgasm  during  sleep,  which  is  liable  to  take  place 
in  healthy  men  after  pi-olonged  continence. 

After  the  seminal  fluid  has  been  ejaculated  during  inters 
coarse,  the  generative  act,  as  far  as  the  male  is  concerned,  is 
accomplished.  It  now  remaiua  for  us  to  study  the  action  of 
the  female,  and  the  process  by  which  the  spennatozotds  are 
brought  in  contact  with  the  ovum. 

Action  of  the  Female. — If  we  can  credit  the  statementd 
made  to  physicians  in  their  professional  intercourse — and 
we  have  no  other  reliable  source  of  infonnation — there  are 
some  females,  in  whom  the  generative  function  is  performed, 
even  to  the  extent  of  Ijearing  children,  who  have  no  actual 
knowledge  of  a  true  venereal  orgasm ;  but  there  are  others 

Biclogit^  dans  m  iSance  du  27  aoii/,  1864,  p.  Ifl)  wu  the  finl  to  distinctly  ascribe 
€r(»ction  to  diUlAtlon  of  the  arteries  of  stippl?»  under  the  ioBueaca  of  the  nerroua 
lynten^  writhQut  obstruction  of  the  veiiiB. 
152 
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who  experience  an  orgasm  fullj  as  intense  aa  that  whieli 
aocontpanies  ejaculation  in  the  male.  There  is,  therefoi'e, 
the  important  difference  in  the  sexes,  that  preliminary  ex- 
citement and  an  oi^sm  are  necessary  to  the  j»erfoniianee  of 
the  generative  act  in  the  male,  but  are  nut  essential  in  the 
female.  Still,  tliere  can  be  scarcely  a  doubt  but  that  vene- 
real excitement  in  the  female  facilitates  conception,  other 
conditions  being  favonible. 

The  first  intercourse  in  the  female  is  usually  more  or  less 
painful,  on  account  of  nipturo  of  the  h}"men,  and  the  external 
oi^ans  are  unduly  sensitive  xmtil  the  parts  ai'e  healed.  After 
this,  if  there  be  a  preliniinaiy  excitement,  there  is  a  certain 
anioimt  of  erection  of  the  clitoris,  which  corresponds  to  the 
pern's,  and  of  the  erectile  bulbs  situated  at  the  vaginal  ori- 
fice. There  is  also  an  increase  in  the  secretions  about  these 
parts,  and  even  an  ejaculation  from  two  glands  opening  near 
the  labia  minora,  called  the  glands  of  Bartholinus,  which 
correspond  to  the  glands  of  Cowper  in  the  male.  How  far 
the  internal  erectile  pans  participate  at  this  time,  it  is  dif- 
ficult  to  determine-  By  the  friction  against  the  clitoris, 
which,  at  its  maximum  of  erection,  is  directed  toward  the 
axis  of  the  vagina,  against  the  vaginal  walls,  and  probably, 
also,  by  the  contact  of  the  glans  penis  \^4th  the  neck  of 
the  uterus,  the  excitement  of  the  female  increases,  the  ves- 
sels of  the  vagina  become  turgid,  the  secretion  of  mucus 
by  tlie  extenml  organs  becomes  abundant,  and  this  finally 
cidminates  in  an  orgasm,  similar  to  that  experienced  by  the 
male,  with  a  farther  increase  in  the  secretion  of  the  glands 
at  the  vaginal  orifice.  xVs  we  have  stated  in  our  history  of 
the  discharge  of  the  ovum  from  the  Graafian  follicle,  this 
congestion  and  excitement  may  hasten  the  rupture  of  a  ripe 
follicle  in  the  hmnan  female,  as  it  undoubtedly  does  in  many 
of  the  lower  animals;  but  follicles  certainly  rupttu*e  inde- 
pendently of  coitus.  There  is  a  certain  degree  of  lassitude 
in  the  female  following  sexual  intercourse,  but  this  is  usuallv 
not  so  marked  or  m  prolonged  us  in  the  male. 
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The  most  important  physiological  point  in  this  connec- 
tion is  with  reganl  to  the  probable  action  of  the  internal  or- 
gsms  of  the  female  during  sexual  excitement.  We  have  al- 
ready studied  what  has  been  described  by  Rouget  as  the 
erectile  tissue  of  the  uterus  and  ovaries,  ^^ether  this  be  or 
be  not  a  true  erectile  tissue,  seeuis  to  be  rather  a  question  of 
definition.  The  blood-vessels  certainly  have  an  erectile  ar- 
rangement; still,  they  are  not  enclosed  by  those  distinct, 
fibrous  trabeeulte  which  are  obseiTcd  in  the  penis.  In  the 
body  of  the  uterus  and  in  the  ovarjes,  the  idea  of  erection 
during  sexual  excitement  rests  simply  upon  anatomical  de- 
scriptions and  artificial  distcntiun  nf  the  vetssels  after  death, 
and  the  parts  cannot  be  investigated  during  life ;  but  it  is 
different  with  the  neck  of  the  uterus,  as  we  shall  see  farther 
on  ;  and,  upon  this  point,  we  may  refer  to  a  very  remarkable 
paper,  by  Dr.  Joseph  R.  Beck,  of  Fort  Wayne,  Indiana,  which 
lias  lianlly  received,  in  this  comitry,  tlie  attention  it  deserves,' 
Dr.  Beck's  observations  relate  to  tlie  question,  *'  IIow  do  the 
q;)ermatozoa  enter  the  uterus  1 "  and,  when  we  consider  that  it 
has  been  positively  demonstrated  that  spennatozoids  find 
their  way  tu  the  surface  of  the  ovaries,  we  can  appreciate  the 
importance  of  any  reliable  observations  with  regard  to  the 
action  of  the  internal  organs  during  coitus, 

August  11, 1S72,  Dr.  Heck  was  called  to  see  a  lady,  thirty- 
two  years  of  age,  of  nervous  tempemment,  blonde,  married 
eight  years,  with  one  child,  a  son,  living  and  seven  yeara 
old.  She  had  an  abortion  six  years  before,  and  has  suffered 
from  eymptoms  indicating  uterine  disease  ever  since.  She 
commenced  to  menstruate  at  fourteen.  Examination  with 
the  finger  showed  that  the  os  uteri  was  just  inside  the  vulva, 
and  Mclntosirs  stem-pessary  was  introduced.  The  rest  of 
the  history,  as  the  observation  is  so  remarkable,  we  quote 
in  full : 

**  Calling  at  the  residence  of  the  patient  next  day,  for  the 

'  BicK,  How  da  the  SfMrmoitma  enter  the  Uterui  t—Saini  LouU  Jfedieal  and 
Smyicttt  Joumtttf  1872,  New  Series,  vol  Li.,  p.  449^  e^  My. 
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purpose  of  adjusting  the  uterine  supporter,  I  made  an  exami- 
nation by  the  touch,  and  upon  introducing  my  finger  between 
the  pubic  arch  and  the  anterior  lip  of  the  prolapsed  cervix,  1 
waa  requested  by  her  to  be  very  careful  in  manipulating 
those  parta,  as  she  was  very  prone,  by  reason  of  her  passion- 
ate nature,  to  have  the  sexual  orgasm  produced  by  a  very 
sh'ght  contact  of  the  finger.  Indeed  die  stated  that  this  had 
more  than  onoe  occurred  to  Iicr,  when  making  digital  invee- 
tigation  of  herself.  Here  then  was  an  opportimity  never  be- 
fore offered  any  one  to  my  knowledge,  and  one  not  to  be 
lost  on  any  consideration.  Carefully  separating  the  vulv© 
with  ray  left  hand,  so  that  the  os  uteri  was  brought  clearly 
into  view  in  a  strong  lightj  I  swept  the  right  forefinger 
across  the  cervix  twice  or  three  times,  when  almost  immedi- 
ately the  orgasm  occiirred,  and  the  following  is  what  was  pre- 
sented to  ray  view : 

*'  The  OS  and  cervix  uteri  had  been  firm,  hard,  and  gen- 
erally in  a  normal  condition,  witli  the  os  closed  sg  as  not  to 
admit  the  uterine  probe  without  difficulty ;  but  immediately 
tlie  OS  opened  to  the  extent  of  fully  an  inch,  made  five  or  six 
successive  gasps,  drawing  the  external  os  into  the  cervix  each 
time  powerfully,  and  at  the  same  time  becoming  quite  soft 
to  the  touch.  All  these  phenomena  occurred  within  the  space 
of  twelve  seconds  time  certainly,  and  in  an  instant  all  was  as 
before ;  the  os  had  closed,  the  cervix  hai-dened,  and  the  rela* 
tion  of  the  parts  had  become  aa  before  the  oi^gasm, 

"  Now  I  carefully  questioned  my  patient  as  to  the  nature 
of  the  sensations  experienced  by  her  at  the  period  of  excite- 
ment, and  she  was  positive  that  they  were  the  same  in  quality 
as  they  ever  were  during  coition,  even  before  the  occurrence 
of  the  prolapse ;  but  admits  that  they  were  not  exactly  the 
same  in '^'w^/if/fy,  believing  that  during  coition  the  orgasm 
had  Imted  longer^  although  not  at  all  or  in  any  respect  dif- 
ferent as  to  sensation,  I  had  almost  foi^tten  to  make  men- 
tion of  the  intense  congestion  of  the  parts  during  the  'crisis,' 
and  introduce  the  statement  here." 
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Certainly,  the  deecription  wo  have  just  quoted  is  suffi- 
ciently graphic,  and  the  meelianism  of  the  penetration  uf 
spermatozoids  into  the  uterus,  if  this  be  the  actiun  of  the 
cervix  during  an  orgasm,  Beema  simple  enough ;  but  it  can- 
not explain  fecundation,  when  it  occurs,  as  it  undoubtedly 
may,  without  orgasm.  In  physiological  literature,  we  find 
numerous  allusions  to  a  suction  force  exerted  by  the  uterus 
during  coitus,  but  this  is  most  frequently  stated  as  of  pos- 
sible or  probable  occurrence,  without  being  sustained  by  any 
positive  observations,*  Still,  as  early  as  184fi,  we  find  a  di- 
rect observation,  recorded  by  Litzmann,  as  follows : 

After  quoting  remarks  of  a  similar  nature,  made  by 
Bond,  Vallisneri^  Dionis,  Haller,  and  Giinther,  Litzmann 
states :  *'  I  myself  lately  had  the  opportunity,  in  an  internal 
exploration  of  a  young  and  very  erethistic  female,  of  observ- 
ing that  suddenly  the  utenis  assumed  a  more  perpendicular 
position,  was  di-awn  more  deeply  into  the  pelvis,  the  lips  of 
the  OS  uteri  immediately  became  separated,  the  os  became 
rounded,  softer  and  accessible  to  the  finger,  and  immediately 
the  highest  sexual  excitement  was  betrayed  by  the  respira- 
tion and  voice*"  * 

In  considering  the  mechanism  of  the  penetration  of  sper- 
matozoids  into  the  uterus,  it  is  also  necessary  to  take  into  ac- 
couut  the  secretions,  particularly  of  the  mucous  glands  at  the 

'  Foucbet ( ThSorw podiiw  da  l*owdati4>n  apontmUe  tide  la  fic&ndationy  Paris, 
1847^  p,  SSt)^  m  treating  of  the  question  Af  penetration  of  spormatozoidg  in  coii- 
nectiOD  with  a  **  coaTnbire  Fpiiefm  "  of  the  inteniu]  organs  duriog  intercourse, 
mukm  the  foUowing  statemeat : 

"  According  to  my  riew,  the  fipasm  in  question,  Ur  caergetically  contracting 
Ibe  utenis  and  the  tubes  during  intercourse,  tenda  to  dimiuiah  the  capacitr  and 
abolish  the  cavity  of  these  organs,  so  that,  duriug  this  action,  the  contained  my- 
cui  is  tolall?  expelled.  But,  when  the  spasm  ceases,  the  uterus  and  the  tub«fl 
dilating  give  again  to  their  cavity  the  ordinary  capacity,  and  then,  by  aimple  hy- 
drostatic lawjt,  the  geminal  fluid  dischargcil  into  the  Tagioa  is  in  part  drawn  into 
the  uterus ;  it  then  enters  lu  earity  in  greater  or  less  abimdjmce,  and  finally  ex^ 
tends  into  the  canals  which  lead  from  it.' ^ 

*  LiTZMAXK,  SehvHxnfftrtchafi^  In  WAGsnoL,  HamdtDSritrimA  dtr  Phtftidopi^ 
Bmiinschwelg,  1846,  Bd.  tii.,  Ersie  Abtheilung,  ^  53. 
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nock.  Despr^s  mentioas  a  fluid  secreted  by  glands  in  the  cer- 
vix iiterij  which  is  ejaculated  during  the  orgasm  and  facili 
tates  the  entrance  of  spemiatozoids.*  Must  writers  of  the  pres- 
ent day  admit  that,  during  the  height  of  the  orgaemj  there  is 
an  ejaculation  from  the  uterus  of  a  small  amount  of  alkaline 
mucus.'  That  an  erection  of  the  cervix,  followed  by  sudden  re- 
laxation and  opening  of  the  os,  may  occur,  cannot  be  doubted, 
and  there  is  no  evidence  of  a  rauscidar  action  in  the  uterus 
sufficient  to  project  this  fluid  forcibly,  as  the  semen  is  did- 
charged  by  the  male*  Assuming  that  the  views  just  stat^ 
be  correct,  we  can  readily  understand  how  the  neck  may  be 
erected  and  hardened  during  the  orgasm,  exti'uding  an  alka- 
line nmeus,  that  the  semen  is  ejaculated  forcibly  towani  the 
uterus  and  becomes  mixed  with  the  mucus,  and  tliat  the  sud- 
den relaxation  of  the  cervix  and  opening  of  the  os  may  exert 
a  f<»ree  of  aspiration,  and  thus  di*aw  in  the  fecundating  el^ 
ments.  Certain  it  is  that  spermatozoida  may  be  found  in  the 
mucus  of  the  cervix  a  \evy  short  time  after  coitus.  It  is  po©- 
eible,  also,  that  the  sexual  connection  may  be  occasiomilly 
even  more  intimate,  and  that  a  portion  of  the  glans  penia 
may  be  actually  embraced  by  the  dilated  cervix,  though  t-his 
must  be  unusual.  This  latter  idea  of  the  establishment  of  a 
"continuous  canal"  during  intercourse  is  one  that  was  ad- 
vanced  by  many  of  the  older  writers. 

Rather  a  Strang  argiuuent  in  favor  of  the  view  that  the 
spermatozoids  are  imprisonfd,  as  it  were,  in  the  cervical  mu- 
cus soon  after  ejaculation,  is  tlie  fact  that  vaginal  injections 
immediately  after  intercourse,  which  are  frequently  resorted 
to  to  prevent  coaception,  often  fail  to  produce  the  desired 
result,  even  when  they  ai-e  so  thorough  as  to  wash  out  the 
vagina  completely. 

\Vlule  we  most  aocept  as  probable  the  view  that  the  ute- 

*  Desfre!*,  TraUi  imnojfrapki^  de  ruiciraiUfn  et  dtt  kWtm  dueoldt  Pidirm^ 
?&r\%  1870,  p,  19,  f/  teq, 

*  WKEXtcit,    Uther  dU  M^hm/M^kcit  dm  uiiJtfPMt  lTteru»afMrhmUm  umd 
ihn  B^€utun^.—BtitHlg§  tttf  iMurUhidfe  tmd  OgiMok^^  Berlin,  1S73,  B4. 


FECUNDATION* 


341 


ms  may  draw  into  the  neck  an  alkaline  mucus  previously 
ejaculated,  and  with  it  a  certain  amount  of  seminal  flnid^  the 
fact  that  conception  may  take  place  without  orgasm  on  the 
part  of  the  female,  and  even  without  complete  penetration 
of  the  male  organ,  shows  that  the  action  we  have  described 
is  not  absolutely  essential,  and  that  the  semen  may  find  its 
way  into  the  uterus  in  some  other  way,  which  it  is  certainly 
very  difficult  to  explain. 

Caurm  of  the  Spermatozoids  through  the  Feimde  Generaii^m 

Pasmges, 

The  qpcrmatozoids,  once  within  the  cervix  uteri,  and  in 
contact  with  the  alkaline  mucus,  which  increases  the  activity 
of  their  movements,  may  pass  through  the  uterus,  into  the 
Fallopian  tubes,  and  even  to  the  surface  of  the  ovaries.  Pre- 
cisely how  their  passage  is  effected,  it  is  impossible  to  say. 
We  can  only  attribute  it  to  the  movements  of  the  spenna- 
tozoids  themselves,  to  capillary  action,  and  to  a  possible  pe- 
ristaltic action  of  the  muscular  structures,  and  must  acknowl- 
edge  that  these  points  have  as  yet  been  incapable  of  positive 
demonstration. 

In  a  very  interestbg  memoir  by  Lott,  which  contains  nu- 
merous observations  bearing  on  the  mechanisnj  of  conception, 
the  experiments  upon  the  behavior  of  the  sperma tozoids  un- 
der the  microscope,  in  the  presence  of  currents  observed  in 
the  liquid  between  the  two  plates  of  glass,  develop  some  very 
curious  points.  It  was  shown,  in  these  experiments,  that  mo- 
tionless epennatozoids  followed  the  currents  freely ;  that  when 
the  current  in  any  part  of  the  field  was  strong,  the  moving 
spermatozuids  were  carried  along  with  it ;  but  that  when 
the  current  was  companirively  feeble,  spermatozoids  endowed 
with  active  movements  made  their  way,  as  it  were,  against 
it**  In  reflecting  upon  these  observations,  it  has  seemed  to 
Ufl  that  they  offered  an  explanation,  to  a  certain  extent,  of  the 

^  Lott,  Zur  AmatomU  wid  Fh^Mo^  dm  Orvix  HifSrit  ErlAngon^  1872,  & 
Hi. 
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pasaage  of  Bpeniiatozoids  in  tliti  Fallapian  tubes  toward  the 
ovaries.  It  is  undoubtedly  true  that  the  ciliary  motiou  in 
the  Fallopian  tubes,  in  which  the  direction  is  from  the  ova- 
ries towai-d  the  uterug,  would  produce  a  feeble  current. 
This  current  would  naturally  direct  the  heads  of  the  sperma- 
tozoids  toward  the  interior,  provided  it  were  not  too  power- 
ful, and  the  movements  of  progression  would  theref(n*e  be 
from  without  inward,  A  Uttle  reflection  makes  it  evident 
that,  with  a  feeble  current  in  the  Fallopian  tubes  from  with- 
in  outward,  the  spermatozoids,  if  the  current  were  not  strong 
enough  to  carry  them  with  it,  could  only  progress  in  the  op- 
jiosite  direction ;  but  this  cannot  explain  the  passage  of  the 
6]>ermatozoid6  through  the  u terns  itself,  where,  according  to 
the  best  authorities,  the  ciliary  current  is  from  without  in* 
ward* 

As  regards  the  human  female,  we  cannot  give  a  definite 
idea  of  the  time  required  for  the  passage  of  the  spermato- 
zoids to  the  ovaries  or  for  the  descent  of  the  ovum  into  tlie 
utei-us;  and  it  is  readily  understood  how  these  questions 
are  almost  incapable  of  experimental  investigation.  We 
know,  however,  that  spermatozoids  reacli  the  ovaries,  and 
they  have  been  seen  in  motion  on  their  surface  seven  or 
eight  days  after  connection/ 

Thei-e  are  many  elements  of  uncertainty  in  all  investiga* 
tions  as  to  the  usual  or  the  normal  situation  of  fecundation. 
As  the  spermatozoids  are  found  in  movement  in  all  parts  of 
the  genemtive  passages,  the  question  resolves  itself  into  that 
of  the  duration  of  Wtality  of  the  ovum  after  its  discharge  ; 
and  here  we  must  rely  exclusively  upon  observations  made 
on  the  inferior  animals.  Coste,  wlio  demonstrated  beyond  a 
doubt  that  fecundation  occurs  in  fowls  at  or  very  near  the 
ovary,  recognized  fully  the  difficulties  attending  similar  ex- 
periments on  mammals.  He  succeeded,  however,  in  two  ol> 
servations  on  rabbits,  in  which  copulation  took  place  after 
the  period  of  heat  and  some  time  after  the  discharge  of  ova. 
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In  both  of  the^se,  ha  found  ova  at  the  superior  extremity  of 
the  comua  of  the  uterus,  a  position  which  he  liad  found  that 
the  ova  reached  toward  tlie  end  of  the  thii-d  day.  These  ova, 
which  were  apparently  advanced  in  decomposition,  present- 
ed no  evidence  of  fecundation,  and  were  enveloped  in  a  dense 
zone  of  albumen  which  they  had  i-eceived  from  the  Fallopian 
tubes.  They  weit?  surrounded  by  spermatozoidB  in  active 
movement,  but  none  had  penetrated  the  adventitious  albu- 
minous covering.  From  these  observations,  the  conclusion  is 
deduced  that  fecundation  can  only  take  place  at  the  ovary  or 
in  the  most  dilated  portion  of  the  Fallopian  tubes.*  When 
we  come  to  apply  these  observations  to  the  human  subject, 
we  have,  in  confirmation  of  them,  only  the  abnormal  phe- 
nomenon of  abdominal  pregnancy,  which  cannot  occur  uidess 
the  ovTim  have  been  f ecundateil  at  the  ovary,  afterward  faUing 
into  the  abdominal  cavity  instead  of  passing  to  the  utems. 
Still,  the  fact  that  conception  may  follow  a  single  intercourse 
occurring  at  any  time  with  refei*ence  to  the  menstrual  peri<:>d 
throws  a  doubt  upon  the  theory  that  fecundation  takes  place 
only  at  or  near  the  ovary ;  and  another  element  of  uncer- 
tainty is  in  the  fact  that  we  do  not  know  positively  that 
ovulation  takes  place  at  any  definite  time  before,  during,  or 
after  the  menstrual  period,  nor  do  we  know  precisely  how 
long  the  spermatozoids  may  retain  their  vitality  in  the  female 
generative  passages. 

The  question  of  the  duration  of  vitiility  of  the  spermatc^- 
zoids  after  their  passage  into  the  uterus  has  an  important 
bearing  upon  the  time  when  conception  is  most  liable  to  fol- 
low sexual  intercourse*  The  alkaline  mucus  of  the  internal 
organs  actually  favors  their  movements ;  the  movements  are 
not  ari'eated  by  contact  with  menstrual  blood ;  and,  indeed, 
when  tlie  s[>ermatozoids  are  mixed  with  the  uterine  mucus, 
they  simply  change  their  medium,  and  there  is  no  reason  to 
believe  that  they  may  not  retain  their  vitality  as  well  as 
in  tlie  mucus  of  the  vesiculfle  seminales.    We  cannot,  there- 

^  COBT£|  Divtiiij^rtent  dt9  corp$  (nyanU^  Pam,  1659,  tome  il,  p.  T9,  9t  m^. 
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fore,  fix  any  limit  to  the  vitality  of  these  anatomical  elements 
under  physiological  conditions ;  and  we  cannot  say  positively 
that  sf^erinatozoids  may  not  remain  in  the  Fallopian  tubes 
and  aronnd  the  ovary,  when  intercourse  has  taken  place  im- 
mediately after  a  menstrnal  period,  until  the  ovulation  follow- 
ing. There  its  an  idea,  ba&ed  upon  rather  general  and  indefi- 
nite obsei-vation,  that  conception  is  most  liable  to  follow  an 
intercourse  which  occurs  soon  after  a  montlily  period;  but  it 
is  certain  that  it  may  occur  at  any  time.  It  is  extremely 
probable  that,  during  the  unusual  sexual  excitement  which 
the  female  generally  exjjeriences  after  a  period,  the  action  of 
the  internal  organs  attending  and  following  coitus  presents 
the  most  favorable  conditions  for  the  penetmtion  of  die  fe- 
cundating elements,  and  this  may  explain  the  more  frequent 
occurrence  of  conception  as  a  consequence  of  intercourse  at 
this  time. 


Mechanism  of  Fectmdation. — In  considering  the  intimate 
mechanism  of  fecundation,  we  may  be^'n  with  the  propjsi 
tion  that  this  is  accomplished  by  an  actual  union  of  the  sub- 
stance of  the  ovum  with  a  greater  or  less  number  of  sj>erma- 
toaoids.  This  fact,  which  has  long  since  been  positively  de- 
monstrated by  experiments,  affords  a  materiid  explanation  of 
hereditary  transmission,  not  only  of  maternal,  but  of  paternal 
physical  and  mental  qualities. 

There  are  many  questions  connected  with  here<]itary  trans- 
mission, which,  if  they  were  susceptible  of  any  thing  ap- 
proaching a  positive  scientific  explanation,  would  be  of  great 
interest  and  might  appropriately  be  discussed  in  a  work 
on  physiology ;  but,  although  the  facts  of  hereditary  influ- 
enee,  as  regards  the  inheritance  both  of  physiological  and 
morbid  attrilmtes  and  tendencies,  the  influence  of  the  mater- 
nal mind  on  the  development  of  the  fretus,  the  effects  of  pre- 
vious pregnancies,  etc,,  cannot  be  donbt^,  their  consideration 
woidd  involve  little  more  than  a  mere  enumeration  of  re- 
markable phenomena. 
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Tlie  fli*8t  qiiestioQ  which  naturally  arises,  and  which  has 
engaged  the  attention  of  ancient  as  well  as  modern  authora, 
relates  to  the  conditionB  wliich  determine  the  sex  of  the  off- 
spring. The  older  writers,  whose  exact  physiological  knowU 
eilge  was  compai-atively  lirnite^il,  were  able  to  present  explana- 
tions of  some  of  the  phenomena  of  generation,  which  were 
more  or  less  satisfactory  in  their  day;  but  many  of  these  have 
teen  contradicted  by  more  recent  facts,  which  have  only  ren- 
dered the  causes  of  the  phenomena  more  obscure.  Iconoelasm 
in  physiology  is  almost  a  necessary  consequence  of  the  acqui- 
sition  of  iletinite  knowledge  ;  and  too  often  the  exact  student 
must  fail  to  substitute  any  thing  to  supply  the  places  of  the 
broken  images  of  antiquity^  This  is  illugti-ated  in  the  ques- 
tion of  the  determination  of  the  sex  of  offspring.  Stntis- 
'tics  show  clearly  enough  the  proportions  between  male  and 
female  biiths ;  but  nothing  baa  ever  been  done  in  the  way 
of  procreating  male  or  female  children  at  will.  According 
to  Longet,  the  proportion  of  male  to  female  births  is  about 
104  to  105,'  these  tigures  presenting  certain  modifications 
under  varWng  conditioua  of  climate,  season,  nutrition,  etc. ; 
Girou  de  Buzareingnes  has  shown,  by  very  extensive  oV»serva- 
tions  upon  certain  of  the  inferior  animals,  that  the  prepon- 
derance of  sex  in  births  bears  a  certain  degree  of  relation  to 
the  vigor  and  age  of  the  parents ;  and  that  old  and  feeble 
females  fecmidated  by  young  and  vigorous  males  bring  forth 
a  greater  number  of  males,  and  vice  versa ;  *  but  no  exact 
laws  of  this  kind  have  been  found  applicable  to  the  human 
subject.  The  idea  that  one  tejsticle  produces  males  and  the 
other,  females,  or  that  the  two  o^^aries  have  distinct  func- 
tions in  this  regard,  has  no  foundation  in  fact ;  for  men  with 
one  testicle,  or  females  with  a  single  ovary,  produce  offspring 
of  both  sexes/ 

^  Losorr,  Traiti  d^fk^Mo^  Paris,  1809,  tome  liL,  p.  621. 

'  GiHou  m  BuzAmmrotm,  Evpntd^nUink  det  animauj  domestiqufs. — Jourrml 
dt  phvmoloffii'^  Paris,  1827,  torac  m^  pp.  127,  1S2;  Idem.,  1828^  tome  viil,  p. 
10;  IM  la  phieraihn.  Pans,  1828,  p.  IS8,  ft  9eq. 

'  A  Y&j  interesting  cue  bearing  upon  the  question  under  cousiderallon  ba« 
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Two  ideas  with  regard  to  the  detenninatioii  of  sex  in  the 
f(etus  have  obtained  at  different  times.  One  of  these  h  that 
the  sex  is  dependent  npon  nutritive  or  other  conditions  sub- 
sequent to  fecundation,  and  the  other,  that  the  sex  is  deter- 
mined at  the  time  of  union  of  the  male  with  the  female 
element.  Of  these  two  opinions,  the  weight  of  evidence 
appears  to  be  in  favor  of  the  latter.  Aside  from  facts  in 
comparative  physiology,  it  is  pretty  certain  that  several  sper- 
matozoids  are  necessary  for  the  fecundation  of  a  single  ovum. 
It  may  be  that,  w*hen  just  enough  of  the  male  element  unites 
with  the  ovnra  to  secure  fecundation^  or  when  it  might  be 
said  that  the  female  element  predominates,  the  ftetus  is  a 
female,  and  when  a  greater  number  of  spemiatozoids  unite 
with  the  vitellus,  the  male  sex  is  determined.  Such  an  idea, 
however,  is  purely  theoretical;  and  the  question  of  the  deter- 
mination of  sex  presents  thus  far  hardly  the  shadow  of  a 
satisfactory  explanation. 

No  definite  rule  can  be  laid  down  with  regard  to  the  trans- 
mission of  mental  or  physical  peculiarities  to  offspring. 
Sometimes  the  progeny  assumes  more  the  character  of  the 
male  than  of  the  female  parent,  and  sometimes  the  reveree  is 
the  case,  without  any  reference  to  the  sex  of  the  child ;  some- 
times there  appears  to  be  no  such  relation ;  and  occasionally 
we  note  peculiarities  derived  apparently  from  gnmdparents. 
Tbis  is  tnie  with  regard  to  pathological  as  well  as  physio- 
logical peculiaritiet^  as  in  inherited  tendencies  to  certain  dis- 
eases, malformations,  etc. 

A  peculiar,  and,  it  seems  to  be,  an  inexplicable  fact  is 
tliat  previous  pregnancies  have  an  influence  upon  offspring. 
This  is  well*known  to  breeders  of  animals.  If  a  pure-blooded 
mare  or  bitch  have  been  once  covered  by  an  inferior  male, 


Utelj  hetn  reported  bj  Prof,  Marzolo,  of  Faduo.  In  a  patient,  thirty-foar  jemtt 
of  age,  the  l**ft  ovary  waa  renioTcd  for  cystic  tiunor.  The  woman  recorervd 
from  ibe  operation,  and  became  pregnant  about  n  jcar  alVcr.  She  was  delirered 
ftt  ML  term  of  twins,  a  male  and  a  female,  and  botb  of  ibe  children  did  well 
{Oiuettt  fBidicaU  de  Paris,  1873,  Ko.  44,  p.  G82.) 
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in  sabsequeat  fecundations,  the  young  are  upt  to  partake 
of  the  character  of  the  first  male,  even  if  they  be  after- 
ward bred  with  mulea  of  unimpeachable  pedigree.  What 
the  mechaniera  of  the  influence  of  the  flret  conception  is,  wo 
can  form  no  definite  idea ;  hut  the  fact  is  incontestable.  The 
same  influence  is  obeenred  in  the  hmnan  subject.  A  woman 
may  have,  by  a  second  husband,  children  who  resemble  a 
former  husband,  and  this  is  particularly  well  marked  in  cer- 
tain instances  by  the  color  of  the  hair  and  eyes.  A  white 
woman  who  has  had  children  by  a  negro  may  subsequently 
be^r  children  to  a  white  man,  these  childi-en  presenting  some 
of  the  unmistakable  peculiarities  of  the  negro  race. 

Superfecundation  *  of  course  does  not  come  in  tlie  cate- 
gory of  influences  such  as  we  have  just  mentioned.  It  is  not 
infrequent  to  observe  twins,  when  two  males  have  had  aooess 
to  the  female,  which  are  entirely  distinct  fnmi  each  other  in 
their  physical  character ;  a  fact  which  is  readily  explained  by 
the  assumption  that  two  ova  have  been  separately  fecun- 
dated. This  view  is  entirely  sustained  by  observation  and 
experiment.  Coses  illustrating  this  p(,»int  are  numerous,  but 
we  cite  the  two  following,  simply  to  add  to  the  number  of 
positive  observations* 

In  May,  1869,  we  received  the  following  written  commu- 


*  SuperfecandaUon,  by  which  yre  mean  the  fectmdAtioti  of  a  second  onim 
&fW  one  has  already  been  f(M;undated^  certainly  may  take  place,  its  has  been 
aboirn  by  cuflea  of  twins  presenting  entirely  different  physical  chumuteriistlcs. 
The  possibility  of  superfuetation^  by  which  we  undewtand  fecundation  of  a  bgo- 
ond  OTura  after  the  firet  hoe  undergone  eonsiderable  development,  hiia  been 
doubte*!  by  many  authore.  In  1855,  Prof,  Barker  reported  a  very  interesting 
case  of  double  vagina  with  double  utenis ;  and  this  wonnan,  haring  given 
btrth  to  a  wdl -developed  child^  a  boy,  nine  montha  and  one  day  after  her  mar- 
riage, seventy-four  days  afler  the  birth  of  this  child,  was  delivered  of  ii  girL  One 
month  after  the  birth  of  the  second  child,  she  waa  nursing  both  children,  who 
were  doing  well  (Fordycts  BARiLSit,  Oue  ef  Super/atation,-^ American  JMi* 
till  Monthhu  N'ew  York,  1855,  vol  iv,,  p.  864;)  Dr.  A.  E,  H.  Purdy,  of  New 
Vork,  has  had  for  some  time  under  observation  the  caae  of  a  young  girl  with  a 
tlimble  vagina  and  a  double  os  uteri    A  full  report  of  thu  case  will  shortly  be 
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nication  from  Dr.  Amos  Sawyer,  of  HiJlsboro,  Illinois,  who 
seems  to  have  been  a  close  observer  of  physiological  points 
in  the  breeding  of  animals ; 

"  Mr.  Adam  Yettle,  residing  two  and  a  half  miles  sonth- 
west  of  Nocoraie,  Montgomery  County^  IHinois,  during  the 
spring  of  1808,  bred  a  mare  to  liis  BtaUion*  A  few  nights 
thereafter  (he  tliinkg  a  week)  bis  jack  '  broke  loose '  and  etaid 
with  the  mare  until  morning — she  still  being  in  heat.  A  few 
days  ago,  slie  gave  birth  to  twins,  one  a  horse^  the  otlier  a 
mule  colt,  both  alive  and  doing  well." 

The  following  very  interesting  communication  was  re- 
ceived in  Januar)^  1869,  from  Dr.  John  H.  Janeway,  Assist- 
ant Surgeon  U.  S.  A.,  and  illustrates  superfecundation  in  the 
human  subject ;  or,  at  least,  that  was  the  view  taken  by  the 
negro  father : 

"  Frances  Hunt,  a  f reedwoman,  aged  thirty-five  years,  gave 
birth  to  twins,  February  4,  1867,  ia  New  Kent  County,  Vir- 
gioia.  One  of  these  twins  was  black,  the  other  was  white, 
Frances  is  a  mulatto.  The  black  child  is  much  darker  than 
she  is.  Previous  to  the  parturition,  she  had  given  birth  to 
seven  chil<lren,  all  single  births.  She  was  living  at  the  time 
of  her  impi-egnation  in  the  family  of  a  white  man  as  house- 
servant,  sleeping  with  a  black  man  at  night.  She  insista,  how- 
ever, that  she  never  had  caiiial  intercourse  with  a  white  mam 
She  probably  does  this  because  the  black  man  turned  her  out 
of  his  house  when  he  saw  that  one  of  the  children  was  white/' 

This  history  was  accompanied  by  an  excellent  photograph 
of  the  mother  and  the  two  children,  a  copy  of  which  is  given 
in  Fig.  33.  One  of  the  children  has  the  color  and  all  the 
characteristics  of  the  negro,  and  the  other  looks  like  a  white 
child.  "  Tlie  mother  and  children  were  inmates  of  Howartl 
Grove  Hospital  near  this  city  (Eichmond),  where  the  picture 
was  taken,  and  I  saw  them  frequently.  Both  children  are 
now  dead.  The  black  one  died  first,  teething,  the  other  was 
killcil  by  a  tobacco-plaster  applied  to  its  abdomen,  it  is  sup- 
posed by  its  mother. 


350 


female,  which  is  called  a  fi*ee-niartm,  is  sterile,  and  presents 
an  imperfect  development  of  the  internal  organs  of  genera- 
tion.' This  has  led  to  the  idea  that  possibly  the  same  law 
maj  apply  to  the  hmnan  subject,  in  cases  of  twins,  one  mide 
and  the  other  female ;  but  numerous  observations  are  recorded 
in  gyne^oological  works,  showing  the  incorrectness  of  this 
view,  to  which  we  may  add  the  following ;  The  author  of  the 
report  on  Kinderpest  to  the  New  York  State  Agricultural 
Society,  1867,  stated  that  his  father  was  one  of  twins,  male 
and  female,  and  that  Ids  father's  twin  sister  had  borne  sev- 
eral cbildren. 

It  has  long  been  a  question  whether  impressions  made  on 
the  nervous  system  of  the  mother  can  exert  an  influence  upon 
the  fcfitus  in^  utero.  While  many  authors  admit  that  violent 
emotions  experienced  by  the  mother  may  affect  the  nutrition 
and  the  general  development  of  the  f net  us,  some  writers  of 
high  authority  deny  that  the  imagination  can  have  any  influ- 
ence in  producing  deformities/  It  must  be  admitted  that 
many  of  the  remarkable  cases  recorded  in  works  on  physi- 
ology as  instances  of  deformity  due  to  the  influence  of  the 
maternal  mind  are  not  reliable.  It  is  often  the  case  that, 
when  a  child  is  bom  with  a  deformity,  the  mother  imagines 
she  can  explain  it  by  some  impression  received  during 
pregnancy,  which  she  only  recalls  after  she  knows  that  the 
child  is  deformed.  Still,  there  are  cases  which  cannot  be 
doubted,  but  which,  in  the  present  state  of  our  knowledge  of 
development  and  the  connection  between  the  mother  and  the 
fcetns,  we  cannot  attempt  to  explain.  Prof.  Dalton,  whose 
accuracy  upon  such  a  point  cannot  be  questioned,  noted  the 
following:  ^Vliile  he  was  lecturing  upon  the  subject  of  gen- 
eration at  the  College  of  Physicians  and  Sui'geons  of  New 
York,  the  janitor  of  the  college  called  his  attention  to  his 
child,  which  presented  a  deformity  of  the  external  ear,  as 

1  See  pftge  BOS. 

*  lanKmi  Qwawf%Et  Saikt-Ui lairs,  Anomalim  ds  ror^aiUtatum  eket  Vhommi 
€i  Ua  animoM^  Bnixelle«,  1887,  tome  iii.,  p.  89L 
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thongh  a  portion  had  been  taken  off  with  a  sharp  instru- 
ment. Hie  janitor  stated  that  his  wife,  during  her  preg- 
nancy, dreamed  that  she  saw  a  man  with  a  snnilar  deformity. 
This  dream  was  very  vivid,  and  she  immediately  related  it  to 
her  husband.  They  both  believed  that  this  was  the  causa  of 
the  deformity  of  the  child/  It  will  be  remarked,  however, 
that  this  case  rests  on  the  evidence  of  the  husband,  and  was 
not  mentipned  to  Prot  Dalton  until  after  the  child  was  bom* 
As  fiuchj  it  might  be  rejected  as  one  of  those  instances  in 
which  the  explanation  is  a  statement  following  a  knowledge 
of  the  deformity.  Still,  we  ourselves  know  the  husband  to 
be  an  intelligent  man,  and  believe  that  his  statement  of  the 
drcumstanoes  is  reliable* 

Union  of  ths  Male  vnih  the  Female  EUmmU  of  Genera- 
Uon. — The  first  important  step  in  our  positive  knowledge  of 
the  mechanism  of  fecundation  was  the  discovery  of  the  sper- 
matozoids,  in  1677,  to  which  we  have  already  referred ;  the 
second  was  the  demonstration,  by  SpaUanzani,  in  his  experi- 
ments  upon  aitificial  fecundation,  that  when  the  seminal  fluid 
is  carefully  tiltemd,  the  liquid  which  passes  tlirough  has  no 
fecundating  properties,  the  male  element  remaiuing  on  the 
filter ;  and  the  third  was  the  demonstration  of  the  presence 
of  spermatozoids  within  the  vitelline  membrane,  showing 
that  fecundation  consists  in  a  direct  union  of  the  male  with 
the  female  element, 

SpaUanzani  filtered  the  seminal  fluid  of  frogs,  and  found 
that  its  fecundating  properties  were  diminished  in  propor- 
tion as  the  filtration  was  thorough,  and  that  the  fluid  was  in- 
active when  filtered  through  six  or  seven  papers ;  but,  when 
the  substance  remaining  on  the  filters  was  taken  and  mixed 
with  water,  this  readily  fecundated  ova.  Sp^allanzani  also 
made  a  number  of  interesting  experiments  upon  artificial  fe- 
cundation in  mammals.  In  connection  with  Prof.  Rossi,  he 
injected  seminal  fluid  from  a  dog  into  a  bitch  in  heat,  on 

*  Communication  torn  FroL  BtHoiw 
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four  oecasions,  at  intervals  of  one  or  two  days.  Sixty-two 
days  after  the  first  injection,  the  bitch  had  four  pups,  which 
resembled  the  male  as  well  as  the  female.  With  the  flemen 
of  the  same  dog,  he  attempted  to  fecundate  two  cats  in  heat, 
but  was  unsuccessful,  although  the  experiments  were  made 
in  the  same  way  as  with  the  bitch.'  It  is  not  easy  to  explain 
why  the  spermatozoids  from  the  dog  could  not  penetrate  the 
vitelline  membrane  and  fecundate  the  ova  of  tl^e  cat,  but 
this  seems  to  be  impossible  in  animals  so  widely  different. 

As  to  the  mechanism  of  the  penetration  of  spermatozoids 
to  the  vitellns,  we  can  only  refer  to  the  raicropyle  discovered 
in  the  ova  of  fishes  and  mollusks,  which  we  have  already  de- 
scribed.' In  the  ova  of  the  Nephelis,  a  small  species  of  leech, 
liobin  haa  seen  spermatozoids,  to  the  number  of  several 
hundreds,  penetrate  the  vitelline  membrane,  always  at  one 
point,  continuing  their  movements  upon  the  surface  of  the 
vit-ellus,  "Almost  always, Vhen  the  penetration  has  ceased, 
a  bundle  of  spermatozoids  are  aiTested  in  the  micropyle."  * 
We  had  an  opportunity  of  witnessing  a  demonstration  of 
tliese  phenomena  by  Prof.  Eobin,  in  1801,  in  the  ova  of  the 
Limmeus  stagnalis,  and  actually  saw  a  spennatozoid  half-way 
through  the  vitelline  membrane.  According  to  numerous  di- 
rect obeen^ations,  the  spermatozoids  move  actively  around  the 
ovum,  collect  toward  a  certain  point,  and  there  penetrate  the 
vitelline  membrane,  Coste,  and  many  other  observers,  whom 
it  is  unnecessary  to  quote,  liave  seen  the  spermatozoids  within 
the  vitelline  membrane,  in  the  ovum  of  the  rabbit;*  and, 
more  recently,  Weil  has  seen  spermatozoids  wedged  in  the 
substance  of  the  zona  pellucida,  has  added  blood  to  the  speci- 
men under  observation,  and  has  restored  the  movements  of 
the  spermatozoids  while  in  this  position.     He  has  also  seen, 

^  SfALLAFSJiSni  Mephieneei  ptmr  tervir  d  Vhutoirt  de  h  gMftUwt^  Pavie, 
1797,  p.  BIO,  d  §ifq. 

'  Sec  pftge  290. 

'  RontK,  Memoir*  aur  /€t  phSn<»nhiea  ^ui  »4  pauent  dnns  P<fvu!e, — Journal  d4 
la  jifiymtilagie^  P«Ha,  1862,  tome  t.,  p.  80» 

^  iVme,  Dhf€hppemmi  dm  eorpt  ar^msht  P*rU,  1S69,  tome  ii.|  p.  108, 
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in  some  instances,  perfectly-formed  apermatozoids  in  the  very 
substance  of  tho  vitellus.' 

The  following  very  interesting  experiment  by  Lott  hae  a 
certain  amount  of  bearing  npon  the  qiieistion  of  the  penetra- 
tion of  spermatozoid8  through  the  vitelline  membrane,  Lott 
made  a  little  hag  of  the  cfecum  of  the  sheep,  moistened  the 
membrane  with  a  weak  aaline  solution,  introduced  ten  to 
twelve  drops  of  ejaculated  semen,  and,  having  closed  the  bag 
securely,  placed  it  in  a  vessel  containing  the  same  saline  solu- 
tioiu  In  ten  minutes,  he  drew  out  the  bag  and  found,  in  the 
exterior  liquid,  a  number  of  motionless  gpermatozoids.  This 
observation  he  often  repeated,  with  similar  results ;  showing 
that  the  spermatozoids  had  actually  passed  through  this  deli- 
cate animal  membrane."  IIow  far  this  explains  the  passage 
of  spermatozoids  through  the  vitelline  membrane,  it  is  diffi- 
cult to  say ;  but  the  results  are  certainly  curious  and  some- 
what startling. 

All  direct  observations  on  the  lower  orders  of  animals 
have  shown  that  several  spermatozoids  are  necessary  for  the 
fecundation  of  a  jsingle  ovimi ;  but  we  have  no  definite  idea 
of  the  number  required  in  mammals,  much  less  in  the  human 
subject.  Nor  do  we  know  what  becomes  of  the  spermato- 
zoids after  they  have  come  in  contact  with  the  vitellus.  All 
that  we  can  say  upon  this  point  is,  that  there  is  probably  a . 
molecular  union  between  the  two  generative  elements,  soon 
to  be  followed  by  the  remarkable  series  of  changes  involved 
in  the  first  processes  of  develupment 

^  WxiLf  Beiirdge  tur  KrntHtM  der  B^fiitchtunQ  und  Kftiieieklunff  dea  iutnifi- 
i^miiiit,^Mtdaini9cheJahrhiirhfr,  Wien,  187S,  8.  IS,  ei  **q, 

♦  Lott,  Zur  Anaiomk  tmd  Ph^m/ologie  det  Cfraix  Ulet%  Erfangea,  1872,  S. 
.40. 


CHAPTER  XV. 

SEGMENTATION  OF  THE  VTTELLUS  AND  FORMATION  OF  THE  MEM- 
BBANE8  AND  PLACENTA. 

Deformation  and  gyration  of  the  yitellufl — ^Polar  globule— Vitelline  nucleua — 
Segmentation  of  the  yitellos — ^PrimitiYe  trace  of  the  embryon — ^Blastoder- 
mic layers — ^Formation  of  the  membranes — ^Formation  of  the  amnion — 
Amniotic  fluid — ^Formation  of  the  umbilical  yesicle — ^Formation  of  the  al- 
lantois  and  the  permanent  chorion — ^Umbilical  cord — Membranas  deciduffi— 
Deyelopment  and  structure  of  the  placenta — Structure  of  the  fully-dcTel- 
oped  placenta — ^Blood-vessels  of  the  placenta. 

As  we  have  seen  in  the  preceding  chapter,  it  is  probable 
that  the  ovum  is  fecundated,  either  just  as  it  enters  the  Fal- 
lopian tube  or  in  the  dilated  portion  near  the  ovary.  As  it 
passes  down  the  tube,  whether  it  be  or  be  not  fecundated,  it 
becomes  covered  with  an  albuminous  layer.  This  layer  prob- 
ably serves  to  protect  the  fecundated  ovum,  and,  when  the 
spermatozoids  do  not  penetrate  the  vitelline  membrane  near 
4  the  ovary,  presents  an  obstacle  to  their  passage.  Shortly 
after  fecundation,  the  germinal  vesicle  disappears ;  but  this 
occurs  in  ova  that  have  not  been  fecundated.  Soon  after 
ovulation,  also,  the  vitellus  gradually  withdraws  itself  from 
certain  portions  of  the  vitelline  membrane,  or  becomes  de- 
formed, and  then  often  rotates  upon  itself ;  a  phenomenon 
which  has  long  been  observed  in  the  Ova  of  some  of  the  lowest 
orders  of  animals,  but  which  was  seen  by  Bischoff  in  the  ova 
of  rabbits,  and  was  thought  by  him  to  be  due  to  the  move- 
ments of  cilia  upon  the  surface  of  the  vitellus.*  The  pres- 
ence of  cilia  in  this  situation,  however,  has  not  been  con- 

*  BiscnoiT,  TVaUs  du  diveloppemerU  de  Vhomme  ei  de$  mammifh'es. — Eficy- 
chpSdie  anatomique^  Paris,  1S48,  tome  yiil.,  p.  598. 
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firmed  by  more  recent  observations.  The  defonoiitiou  and 
gyration  of  the  vitellus  have  been  observed  in  ova  before  fe- 
cundation, and  have  nothing  to  do  with  the  proceea  of  de* 
velopuient.  They  are  of  the  ck«s  of  movementa  called 
amceboid. 

After  the  penetration  of  spermatozoids  and  their  noion 
with  the  viiteUiifl,  at  least  in  many  of  tlie  lower  orders  of  ani- 
mals, the  appearance  of  the  vitellus  undergoes  a  remarkable 
change,  by  which  ova  that  are  about  to  pass  through  tlie  first 
processes  of  development  may  be  i*eadily  distinguished  from 
those  which  have  not  been  fecundated.  This  change  consists 
in  an  enlargement  of  the  grannies  and  their  more  complete 
separation  from  the  dear  substance  of  the  vitellus.  The 
granules  then  refract  light  more  strongly  than  before,  so  that 
the  fecundated  ova  are  distinctly  brighter  than  the  olherB.* 
This  is  the  first  appearance  that  is  distinctive  of  fecundation. 

Polar  Glcbule.~T!he  next  process  obeerved  in  the  ovum 
is  the  separation  from  the  vitellus  of  a  ojmpamtively  clear, 
rounded  mass,  called  by  Robin  the  polar  globule.  This  body 
had  been  observed  before  by  various  anatomists  and  described 
under  different  names.  The  exact  mode  of  ita  formation  has 
been  studied  by  Robin  in  some  of  the  lower  orders  of  ani- 
mala/  We  shall  describe  briefly  this  process  as  it  was  de- 
monstrated to  us  by  Robin  in  the  ova  of  the  Limnffius  stag- 
nalia,  in  1861,  the  description  being  taken  from  notes  made 
at  that  time : 

Five  hours  after  the  entrance  of  the  spermatozoids,  we 
see  a  little  elevation  at  one  point  in  the  vitellus.  This  h  the 
beginning  of  the  polar  globule.  It  increases  in  size  gradu- 
ally, and  becomes  constricted  at  its  base,  until  it  is  attached  to 
the  vitellus  by  a  little  pedicle.  There  is  then,  uflually,  a  sec- 
ond globule  formed  just  behind  the  first,  in  the  same  man- 

^  RoBiN%  Mhnoirt  tur  U»  phSnomhui  qui  99  paueni  dant  Vomk  mvni  la  mff- 
menjtatiifn  da  vUeUm.—Jimmal  de  la  phytiolcgi^^  Pum,  tS6%  tome  t.,  p.  108. 

*  Rumn^  Mhnoire  mr  let  ffhftuttt  polaira  de  rovuie, — Journal  d«  la  phifsiolo* 
fii^  Pftria,  lH2f  tome  v.,  p.  149,  H  atq. 
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ner ;  and  sometimes  a  third  niakes  its  appearance.  As  soon 
as  tile  gloljuleB  are  perfectly  farmed^  they  all  become  de- 
tached from  the  vitQllus,  but  remain  adherent  to  eaeh  otlier, 
gradually  fusing  to  form  a  single  roimded,  very  faintly  gran- 
ular mass ;  and  it  is  opposite  this  globule  that  the  fii-st  fur- 
row of  segmentation  of  the  vitellus  is  observed-  The  com- 
plete formation  of  the  polar  globules  and  their  fusion  into 
one  occupy  three  hours.  It  is  probable  that  the  polar  globule 
is  formed  in  the  mammalia  in  the  manner  above  indicated, 
Weil  has  lately  describedj  in  the  fecundated  ovum  of  the  rab- 
bit, before  segmentation  of  the  vitellus,  a  body  which  is  un- 
doubtedly analogous  to  this  globule.'  Sometimes  the  polar 
globule  is  formed  in  ova  that  have  not  been  fecundated. 

Vitelline  Jfudeus. — A  short  time  after  the  complete  for- 
mation of  the  polar  globule,  the  germinal  vesicle  having  dis- 
appeared, the  deformed  vitellus  resimies  its  original  rounded 
appearance,  and  fills  again  the  cavity  of  the  vitelline  mem- 
brane. At  this  tiuje,  the  extreme  periphery  of  the  vitellus 
becomes  clearer ,  the  granules  collect  in  a  large  zone  around 
the  centre,  and,  in  the  centre  itself,  a  clear,  rounded  body 
makes  its  appearance,  which  is  called  the  nucleus  of  the  vitel- 
lus. This  mass  is  viscid,  amorphous,  without  granules,  and 
is  entirely  different  from  the  germinal  vesicle,  having  no  nu- 
cleolus at  first,  a  nucleolus,  however,  appearing  in  the  nuclei 
which  result  from  its  segmentation.  The  formation  of  the 
nucleus  of  the  ^dtellus  is  a  positive  evidence  of  fecundation. 
It  appears  from  fifteen  to  thirty  hours  after  fecundation.' 

SegmefUation  of  the  Vitdlus, — Almost  immediately  fol- 
lowing the  phenomena  we  have  just  described,  the  vitellua 
begins  to  undergo  the  remarkable  process  of  segmentation, 
by  which  it  is  divided  iato  nmnerous  small  cells.     This  pn> 

>  Wgit,  JMir&ffe  tur  Kentniu  der  Befru^htmhg  und  EfUwieklamg  dm  Kmk^ 
thmeit»,—MidkM»^  Jakrb&t^^,  Wieo,  1873,  &  24. 

*  Roat!f,  Note  mtr  la  produtiion  du  noyav  midUn^-^QUimal  de  la  ph^^ioUig4§^ 
P*rl8,  isea,  tome  v,,  p.  8U. 


8E0HENTATIQN  OF  THE  TTTELLUS* 


357 


oess  may  take  i)lace  to  a  limited  extent  in  non-fecnndated 
ova  ;  but  in  this  case  the  cells  soon  disappear,  as  the  disinte- 
gration of  the  ovum  advances.  The  ti'ue  segmentatiou  of  the 
vitellus,  however,  results  in  the  formation  of  what  are  called 
the  blastodermic  cells.  As  segmentation  has  been  studied 
in  the  inferior  animals,  there  appears  first  a  fnrrow  in  the 
vitellns,  at  the  site  of  the  polar  globule ;  and  there  is  then 
a  furrow  on  the  opposite  side,  both  deepening  until  the 
entire  vitellus  is  divided  into  two  globes.  These  are  at  first 
spherical ;  but  they  soon  become  flattened  upon  each  other 
into  two  hemispheres.  Thei*e  is  then  a  similar  division  into 
four,  another  into  eight,  and  so  on,  until  the  entire  vitellus  is 
dinded  into  numerous  cells,  each  with  a  clear  nucleus  result- 
ing from  the  segmentation  of  the  original  nucleus  of  the 
vitellus.  It  is  probable  that,  at  first,  the  cells  of  the  vitellus 
have  no  membnme  ;  but  a  membrane  is  soon  formed^  a  nu- 
cleolus appears  and  the  cells  are  perfect. 

Most  of  the  phenomena  of  segmentation  have  been  ob- 
served in  the  lower  orders  of  animals ;  but  there  can  be  no 
doubt  that  analogous  processes  take  place  in  the  human  ovum. 
In  the  rabbit,  Weil  observed,  forty-five  and  a  half  hours  after 
copulation,  an  ovum,  with  si:rteen  segmentiitions,  situated  in 
the  lower  thii'd  of  the  Fallopian  tube.  Ninety-four  hours 
after  copulation,  he  observed  an  ovum,  with  a  deUcate  mosaic 
appearance,  presenting  a  small,  rounded  eminence  on  its  snr^ 
face/ 

It  is  impo6sil>Ie  to  say  how  long  the  prooesa  of  segmentft- 
tion  continues  in  the  human  ovnrn*  It  is  stated  that  it  is 
coinplete<l  in  rabbits  in  a  few  days,  and  in  dogs,  that  it  occu- 
pies more  than  eight  days,'  When  the  cells  of  the  blastoderm 
are  completely  formed,  they  present  a  polygonal  appearance 
as  they  are  pressed  against  the  vitelline  membrane,  their  in- 
ner surface  being  rounded.  The  o%Tim  then  contains,  within 
the  external  layer  of  cells,  a  small  quantity  of  liquid.    It  U 

»  Weil,  foe.  nX,  a  26* 

*  Il£RUA?i5»  OrundiH  der  Fkymolo^,  Berlin^  1870,  8.  409. 
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probably  in  this  condition  that  the  ovum  passes  from  the 
Fallopian  tube  into  the  uterus,  at  about  the  eighth  day  after 
fecundation,* 


Primitive  Trace  of  ths  Emhi^on, — The  celk  formed  by 
the  segmentation  of  tlie  vitellius,  after  this  process  is  com- 
pleted, are  arranged  in  the  form  of  a  membrane,  the  blasto- 
dermic membrane,  which  is  farther  snbdi^^ded,  as  develop- 
ment advances,  into  layers,  which  will  be  fully  described 
hereafter.  The  albuminous  covering  which  the  ovum  has 
recei\'ed  in  the  upper  part  of  the  Fallopian  tube  gradually 
liquefies  and  penetrates  tlie  vitelline  membrane^  furnishing, 
it  is  thought,  matter  for  the  nourishment  and  development 
of  the  \itellus.  In  the  Fallopian  tube,  indeed^  the  adventi- 
tious albmninoiis  covering  of  the  o\iim  presents  an  analogy 
to  the  albxmiinous  coverings  which  the  eggs  of  oviparous  ani- 
mals receive  in  the  oviducts ;  with  the  difference  that  this 
albuminous  matter  is  almost  the  sole  source  of  nourishment 
in  the  latter,  and  exists  in  large  quantity,  wlule,  in  viviparous 
animals,  the  quantity  is  small,  is  generally  consumed  as  the 
onam  passes  into  the  uterus,  and,  in  the  uterus,  the  ovum 

foiTUs  attachments  to  and  di*aw8  its  nourishment  fi*om  the 

* 

vascular  system  of  the  mother. 

At  the  period  when  the  fecundated  ovum  enters  the 
uterus,  it  has  increased  in  size  about  five  times/  It  is  then 
composed  of  an  external  covering,  the  vitelline  membrane, 
with  a  cellular  membrane  internal  to  this,  the  Maatodermio 
membrane,  and  a  certain  amoimt  of  liquid  in  its  interior. 

Soun  after  the  formation  of  the  single  blastodermic  mem- 
bimie,  at  a  certain  point  on  its  surface,  there  appears  a 
rounded  elevation,  or  heap  of  smaller  ceDs,  foiming  a  dis- 
tinct spot,  called  tlie  embryonic  spot.  As  development  ad- 
vances, this  spot  becomes  elongated  and  oval.  It  is  then  sur- 
rounded by  a  clear,  oval  area,  called  the  area  pellucida,  and 
the  area  pellucida  is  itself  surrounded  by  a  zone  of  cells^ 

>  Lo^osT,  Trmii  de^^iolo^k,  PilHs,  18av>,  tome  UL^  p.  841.  "  Ibid. 
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more  granular  and  darker  than  the  rest  of  the  blastoderm. 
The  elongated  line  thus  formed  and  surrounded  by  the  area 
pellnelda  is  called  the  primitive  trace. 

Almost  all  writers  have  regarded  the  primitive  trace  as 
the  Beat  of  the  development  of  the  spinal  column  of  the 
embryon ;  but  some  doubt  has  been  thrown  upon  this  point 
by  the  observations  of  Dursy,  in  1866,  quoted  and  recently 
confirmed  by  Balfour,  According  to  these  observations, 
which  were  made  upon  the  ehiek,  the  primitive  trace,  or 
primitive  groove,  is  a  temporary  structure,  and  has  nothing 
to  do  with  the  development  of  the  neural  canaL  After  this 
groove  is  formed,  Balfour  states  that  there  appears  in  front 
of,  but  not  continuous  with  it,  a  new  fold  and  a  groove  lead- 
ing from  it.  This  is  tlie  '*  head-fold,'*  and  the  groove  is  the 
true  medullary  groove,  which  is  subsequently  developed  into 
the  neural  canal.*  If  we  adopt  this  view,  and  the  diffei-ence 
is  not  very  important,  we  simply  substitute  the  new  tince, 
the  seat  of  the  development  of  Uie  neural  canal,  for  the 
original  primitive  tracxj,  which  is  temporary.  It  is  prob- 
able that  embryologists  have  hei*etofore  noted  the  au-called 
primitive  trace  and  studied  subsequently  the  development  of 
the  true  medullary  groove,  supposing  that  they  were  iden- 
tical structures  in  different  stages  of  formation,  not  observ- 
ing that  the  first  trace  disappears. 

Blastodermic  Layers, — Shortly  after  the  appearance  of 
the  primitive  trace,  the  blastodermic  cells,  which  are  at  first 
arranged  so  as  to  form  a  single  membrane,  separate  into 
layers.  These  layers  have  been  differently  described  by 
various  observers,  and  there  is  some  uncertainty  with  re- 

1  Balfovr,  On  ihs  DUappearamee  of  the  PrimiHift  Groom  tn  ike  Embryo 
Chick. — Quarterly  Journal  of  Muroicopicol  8ciene«t  hoadoOy  187a,  New  Seriea, 
No.  U.,  p,  276»  el  aeg. 

Tbc  mutual  reUtloas  of  the  primitiTe  trac«  and  the  meduUwy  groove  in  the 
chick  are  flgured  in  the  ebhorate  work  of  His.  (UkUnuekimffm  Hber  die  tmle 
Anlofft  da  WlrhtUhierUiheM.  Du  fr§(e  Sniitkkhmff  dSst  BUkn^ehmt  im  £%t  Ldp- 
l4g,  186S,  Taf.  xiL,  Fig.  U.) 
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gard  to  the  application  of  direct  roBearches  miide  upon  the 
chickj  in  whicli  most  of  these  early  procesees  of  development 
have  been  studiedj  to  the  mammalia  and  the  human  subject* 
We  sbiU  endeavor  to  describe  the  different  layers  in  as  sim- 
ple a  manner  as  is  consistent  with  our  positive  knowledge, 
omitting  all  points  that  are  unsettled  or  seem  to  be  of  minor 
impoitanoe. 

The  blastodermic  cells,  resulting  originally  from  the  b^ 
mentation  of  the  viteUus,  are  first  apparently  split  into  two 
layers,  wldch  may  be  termed  the  external  and  the  internal 
blastodermic  membranes.  According  to  the  most  recent  ob- 
Bervations,  the  main  portion  of  the  external  layer,  sometimes 
called  the  serous  layer,  simply  forms  a  temporary  investment 
for  the  rest  of  the  vitoUus  and  is  not  developed  into  any  part 
of  the  embryon.  The  internal  layer,  called  the  mucous  lay- 
BTj  is  developed  into  nothitig  but  the  epithelial  lining  of  the 
alimentary  canal.  There  is  a  thickening  of  both  of  these 
layers  at  the  line  of  development  of  the  cerebro-spinal  sys- 
tem, with  a  furrow,  which  is  iinally  enclosed  by  an  elevation 
of  the  ridges  and  their  union  posteriorly,  forming  the  canal 
for  the  spinal  cord* 

As  the  spinal  canal  is  thus  developed,  a  new  layer  is 
formed,  by  a  genesis  of  cells  frum  the  intenial  surface  of  the 
original  external  layer  and  the  opposite  surface  of  the  inter- 
nal, or  mucous  layer.  This  layer  of  new  cells  may  be  termed 
the  intermediate  layer ;  and  it  is  from  tliis  that  nearly  all  the 
parts  of  the  embryon  are  developed. 

To  simimarize  the  development  of  the  layers  just  men- 
tioned, we  may  state  that  the  external  layer  is  a  temporary 
structure ;  the  intenial  layer  is  very  thin,  and  is  for  the  d^ 
velopment  of  tlie  epitlidial  lining  of  the  alimentary  canal ; 
the  most  important  structure  is  a  thick  layer  of  cells,  devel- 
oped from  the  opposite  smiaces  of  the  external  and  the  in- 
ternal layer,  and  situated  between  them,  called  the  interme- 
fhate  layer ;  and  it  is  from  these  cells  that  the  greatest  part  of 
the  embryon  is  formed. 
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Farm^ion  of  tke  Membrmi§8. 

The  brief  description  we  have  just  given  of  the  forma- 
tion of  the  blastodermic  layers  seemed  neceeeary  as  ao  intro- 
duction to  the  study  of  the  membranes ;  and  we  shall  defer, 
fur  the  present,  the  description  of  their  development  into  the 
different  parts  of  the  embrj^on. 

In  the  mammalia,  a  portion  of  the  blastoderm  is  devel- 
oped into  membranes,  by  which  a  eommunication  and  union 
are  established  between  the  ovum  and  the  mucous  membrane 
of  the  uterus.  From  the  ovum,  are  developed  two  membranes, 
one  non-vascular,  the  amnion,  and  another  vascular,  the  allan- 
tois.  From  the  mucous  membrane  of  the  uterus,  are  devel- 
oped the  two  layers  of  the  decidua.  At  a  certain  part  of  the 
uteru§,  a  vascular  connection  is  established  between  the  mu- 
cous membrane  and  the  allantois,  and  the  union  of  these  two 
Btructm-es  forms  the  placenta.  The  foetal  portion  of  the  pla- 
centa is  connected  with  the  foetus  by  the  vessels  of  the  um- 
bilical cord  ;  and  the  maternal  portion  is  connected  with  the 
great  uterine  sinuses.  Development  tjikes  place  from  material 
supplied  to  the  foetus  by  the  blood  of  the  mother. 

The  external  covering  of  the  ovum,  during  the  first  stage 
of  its  development,  is  the  vitelline  membrane.  AceoiMiing 
to  Coste,  as  the  o\Tim  is  received  into  the  uteniB,  the  \atelline 
membrane  develops  upon  its  surface  little  villosities,  which  are 
non-vascular,  and  formed  of  amorphous  matter  with  granules. 
These  are  the  first  villosities  of  the  onmij  and  they  assist  in 
fixing  the  egg  in  the  uterine  cavity.  They  are  not  permanent, 
do  not  become  developed  into  the  vascular  villosities  of  the 
chorion,  and  disappear  as  the  true  membranes  of  the  embryon 
are  developed  from  the  blastodermic  layers/  It  is  probable 
that  the  vitelline  membrane  disappears  about  the  fourth  or 
fifth  day,  when  it  is  replaced  by  the  amnion. 

Fm^maUon,  of  the  Amnion^ — ^As  the  ovum  advances  in  its 

^  CoBTE,  l>iv«k^p«memi  de»  wrp§  organidi^  Paria,  1847^  tome  I,  p.  82, 

*  In  the  litenture  perUintiig  to  the  aubject  of  derelopmeDt,  tbere  is  no  de- 
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development,  it  is  observed  that  a  portion  of  the  blastoderm 
becomes  thickened,  to  iorm  the  first  trace  of  the  embryon* 
At  this  portion,  where  the  body  of  the  embryon  subsequently 
makes  its  appearance,  aa  we  have  already  seen,  we  have  the 
external  layer,  the  internal  layer,  and  a  thick,  intermediate 
layer  of  cells,  developed  from  the  opposite  surfaces  of  the 
external  and  the  internal  layer,  called  the  middle  layer.  At 
neai'ly  the  time  when  this  thickening  begins,  a  fold  of  the 
external  layer  makes  its  appearance,  surrounding  the  thick- 
ened portion,  and  most  prominent  at  the  cephalic  and  the 
caudal  extremity  of  the  furrow  for  the  neural  canal*  This 
fold  increases  in  extent  as  development  advances,  passes  over 
the  dorsal  surface  of  the  embryon,  and  finally  meets  so  as  ta 
enclose  the  embryon  completely.  We  can  readily  figure  ta 
ourselves  this  process  and  understand  how,  at  a  certain  period 
of  the  development  of  the  amnion,  tliis  n^embrane  consists 
of  an  external  layer,  formed  of  the  external  layer  of  the  fold, 
and  an  internal  layer;  the  point  of  imion  of  the  two  layers, 
or  the  point  of  meeting  of  the  fold,  being  marked  by  a  mem- 
branous  septum.  An  illustration  of  this  mode  of  formation  of 
the  two  layers  of  the  amnion  is  afforded  by  an  observation  by 
Allen  Thomson,  made  on  an  embryon  of  about  fifteen  days, 
in  which  there  was  a  portion  of  membrane  extending  from  the 
internal  amniotic  fold  to  the  external  covering  of  the  ovum/ 

scriptlon  of  ibe  mode  of  formation  of  the  membranes  so  clear  and  exact  as  that 
^Ton  bj  BalCon,  io  his  Treati»o  on  Physiology.  In  our  account  of  these  p<ro- 
oesses,  we  shall  follow  in  the  main  this  dcaoription.  (Djutoic,  Hurthan  Fhjf»i* 
oloffif^  rhtladelphia,  1871j  p.  619,  H  teg.) 

^  Alle»  Tuomson,  CorUrihutions  to  tlte  HtMiory  and  Strwiure  of  the  Emfuin, 
Opwn,  etc. — Edinburgh  Medical  and  Sttr^ai  Jourrutl^  ISSft,  voL  iiL,  p.  182, 
This  observation  is  quoted  by  Ik>ngct  as  showing  the  meohanism  of  formaUoa 
of  the  amnion  (TVat/i  de  phifMagie^  Paris,  1860,  tome  UL^  p.  ^^);  hut  the 
statement  in  the  original  paper  by  Allen  Thomson  is  rather  indefinite.  Allud- 
ing to  "  a  portion  of  fine  membrane  which  adhered  to  the  notch  between  the 
facias  and  yolk  at  the  cephalic  extremity/'  he  says :  **  I  am  incUned  to  betiere 
that  this  piece  of  membrane  may  be  a  part  of  the  cephalic  fold  of  tiie  serous 
byer  of  the  germinal  membrane  which  forms  the  amnios,"  The  ovum  was  not 
examined  ontU  after  it  had  been  in  alcohol  for  seTeral  days. 
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The  two  auiniotic  layers  are  formed  in  the  way  that  we 
have  just  described,  and  a  complete  separation  finally  takes 
place,  by  a  disappearance  of  the  geptnm 
f onned  by  the  meeting  of  the  folds  over 
the  back  of  the  embryon.  According  to 
Longet,  this  process  occupies  four  or  five 
days  in  the  hnman  ovum  ;  *  though  the 
observation  by  Allen  Thomson  shows 
that  the  complete  separation  of  the  two 
layers  oecm's  much  later.  The  point 
where  the  folds  meet  is  called  the  am- 
niotic umbilicus.  When  the  amnion  is 
thus  completely  formed,  the  vitelline 
membmne  has  been  encroache«i  npon  by 
the  extei-nal  amniotic  layer  and  disappears,  leaving  this  layer 
of  the  amnion  as  the  external  covering  of  the  ovum.  At 
this  time,  there  is  a  growth  of  villosities 
upon  the  surface  of  the  external  amni- 
otic layer,  which,  like  the  villosities  of 
the  vitelline  membrane,  are  not  vascular. 

Soon  after  the  development  of  the 
amnion,  the  allantois  is  formed.  This 
membrane  is  vascular,  encroaches  upon 
and  takes  the  place  of  the  external  am- 
niotic membrane,  becomes  villous,  and 
its  villosities  take  the  place  of  those  of 
the  amnion.  Over  a  certain  portion  of 
the  membrane,  the  villosities  are  per- 
manent. The  mode  of  development  of 
the  amnion,  as  we  have  described  it,  was 
discovered  by  Von  Baer,'  and  is  illus- 
trated by  the  diagrammatic  Figs.  34  and 
35.    These  figures  show  the  formation  of  the  amnion,  the 

*  LosoET,  2V(uV^  deph^fMoffie,  Pftria,  1866,  tome  til,  p.  844. 

*  YoTf   Baxr,   ITtUr  MUwiMtnfft^mMeU   itr  Thurt^  Kdiugsb^rg,  1887, 
Zwdte  Theil,  B,  192. 


F«etii>dotod  <^.  wttb  alkn- 
Usls  Dearly  coinpl«t*,— a, 
tfiner  lamW  of  ftmojotlc 
fbW;  h,  outer  tnmlna  of 
ditto:  c,  fH^int  wbftv  the 
oisnlodc   i^tldi  come  tn 
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umbilical  vesicle^  and  tbe  alkntois.  The  last  two  etmctures 
are  not  derived  from  tlie  external  blastodermic  layer,  and 
will  be  described  farther  on,  after  we  hare  studied  the  full 
development  of  the  amnion  and  its  relations. 

When  the  allantois  lias  become  the  chorion,  or  the  exter- 
nal membrane  of  the  ovum,  having  taken  the  place  of  the  ex- 
ternal layer  of  the  amnion,  the  structures  of  the  ovum  are 
the  following:  1.  The  ehoriouj  formed  of  the  two  layera  of 
the  allantois,  derived  from  the  internal  blastodermic  mem- 
brane, and  penetrated  by  blood-vessels.  2.  The  umbilical 
cord,  which  connects  the  enibryon  with  the  placental  portion 
of  the  chorion,  and  the  umbilical  vesicle,  formed  from  the 
same  layers  as  the  allantois.  3.  The  amnion,  whicii  is  the 
internal  layer  of  the  amniotic  fold,  persisting  thi-oughout  the 
whole  of  fcBtal  life,     4.  The  embryon  itself. 

During  the  early  stages  of  development  of  the  umbilical 
vesicle  and  the  allantois,  the  internal  amniotic  layer,  or  the 
true  amniotic  raenibrane,  is  closely  applied  to  tlie  surface  of 
the  embryon,  and  is  continuous  with  the  epidermis  at  the 
nmbilicus.  It  is  then  separated  from  the  allantois  by  a  layer 
of  gelatinous  matter ;  and  fn  this  layer,  between  the  amnion 
and  the  allantoisj  is  embedded  the  umbilical  vesicle.  At  this 
time,  the  umbLlical  cord  is  short  and  not  twisted.  As  devel- 
opment advances,  however,  the  inter-membranous  gelatinous 
matter  gradually  disappears ;  the  cavity  of  the  amnion  is  en* 
hirged  by  the  production  of  a  liquid  between  its  internal  sur- 
face and  the  embryon  ;  and,  at  about  the  end  of  the  fourth 
month,  the  amnion  comes  in  contact  with  the  internal  sur- 
face of  the  chorion.  At  this  time,  the  embryon  floaty  as  it 
were,  in  the  amniotic  cavity,  surrounded  by  the  amniotic 
fluid.  The  amnion  forms  a  lining  membrane  for  the  cho- 
rion ;  by  its  gradual  enlargement  it  has  formed  a  covering  for 
the  umbilical  cord ;  and,  between  it  and  the  cord,  is  the  atro- 
phied umbilical  veeide.  The  amnion  then  resembles  a  se- 
rous membrane,  except  that  it  is  non- vascular.  It  is  lined  by 
a  single  layer  of  pale,  delicate  cells  of  pavement-epithelium, 
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whict  contain  a  few  fine,  fatty  granulations.  At  tenii,  the 
amnion  adheres  to  the  chorion,  thougli  it  may  be  separated, 
with  a  little  care,  as  a  diBtinct  membrane,  and  may  be  stripped 
from  the  cord.  From  its  arrangement  and  fi'om  the  absence 
of  blood-yessels,  it  k  eyident  that  tliis  membrane  is  simply 
for  the  protection  of  the  foetus  and  is  not  directly  concerned 
in  its  nutrition  and  development. 

The  gelatinous  mass  referred  to  above,  sitnated,  dming 
the  early  periods  of  intra-nterine  life,  between  tlie  amnion 
and  the  chorion,  presents  a  seraiflnid  consistence,  and  is 
marked  by  the  presence  of  nnmerons  very  delicate,  interlae- 
ing  fibres  of  young  connective  tissue  and  fine,  grayish  granu- 
lations scattered  through  its  substance.  These  fibres  gradu- 
ally develop  as  the  quantity  of  gelatinous  matter  diminishes 
and  the  amnion  approaches  the  chorion,  imtil,  finally,  it 
forms  a  rather  soft,  reticulated  layer,  which  was  described 
by  Biechoff,  under  the  name  of  the  membrana  media.* 

Amniotic  Flidd, — The  process  of  enlargement  of  the 
amnion  shows  that  the  amniotic  fluid  gradually  increases  in 
quantity  as  the  development  of  the  f cetus  progresses.  At 
term,  the  entire  quantity  ia  variable,  being  rarely  more  than 
two  pints  or  less  than  one  pint/  In  the  early  periods  of 
utero-gestation,  it  is  clear,  slightly  yellowish  or  greenish,  and 
perfectly  liquid*  Toward  the  sixth  month,  its  color  is  more 
pronounced,  and  it  becomes  slightly  mucilaginous.  Its  reao- 
tion  is  usually  neutral  or  faintly  alkaline,  though  sometimes 
it  is  feebly  acid  in  the  latest  periods*  It  sometimes  contains 
a  small  quantity  of  albumen,  as  determined  by  heat  and  nitric 
acid ;  and  there  is  generally  a  gelatinous  precipitate  on  the 
addition  of  acetic  acid.  The  following  table,  compiled  by 
Robin,  gives  its  chemical  composition : 

*  BrscHoFF^  7)raiti  du  dh^hppement. — Enryehpidie  amUomig/vis^  FftriB,  184$, 
lomeTiii.,  p.  167, 

RosnCf  Mknvoire  mr  la  ttrudure  intime  de  la  %4tieyl€  ombUkak. — Jourmd  dt 
laphyndoffii,  Paris,  1S61,  tome  \v,,  p,  806. 

*  RoBiw,  Lt^onM  attr  Im  htmrntrs^  Paris,  IH7,  p.  77&» 
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CompomUon  of  the  Anmiotie  Fluid} 

Water , 9U100  to  975*00 

Albumen  and  mucosine 0*82"     10*77 

Urea. , 2*00  "       S'50 

Creatine  and  crcatinme  (Scherer,  Bobin  and  Verdeil),  not  ^timated 

Lactate  of  soda  ( Vogt,  Rognauld). , a  trace 

Ffttty  mattera  (Reea,  Mock) O'lS  to      1*25 

Glucose  (CI  Bernard).. not ectimatod 

Chloride  of  sodium  and  chloride  of  potassium, ,.  2*40  to     6'95 

CThloride  of  calciiua,. •«......*.  a  trace 

Carbon^ite  of  soda.. a  trace 

Sulphate  ofsoda. , a  trace 

Sulphate  of  potaasa  (ReesX -•  •  ^  trace 

Calcareous  and  magnesianphospbatea  and  sulphates.  1*H  to     1'72 

The  presence  of  certain  of  the  urinary  constituents  in  the 
amniotic  fluid  has  led  to  the  view  that  the  urine  of  the  fa3tU8 
ig  discharged,  in  greater  or  less  quantity,  into  the  amniotic 
cavity.  Bernard,  who  is  quoted  in  the  above  table  as  having 
determined  the  presence  of  sugar  in  the  amniotic  fluid,  baa 
shown  that,  in  animals  with  a  multiple  placenta,  the  amnion 
has  a  glycogenic  function  during  the  early  part  of  intra-uter- 
ine  existence.* 

With  regard  to  the  origin  of  the  amniotic  fluid,  it  is  impos- 
sible to  say  how  much  of  it  is  derived  from  the  general  surface 
of  the  foatus,  how  much  from  the  urine,  and  how  much  from 
the  amnion  it&elf,  by  transudation  from  the  vascular  struct- 
ures  beneath  this  membrane.  The  quantity  is  apparently  too 
great,  especially  in  the  early  months,  to  be  derived  entirely 
from  the  urine  of  the  foetus,  and  there  is  probably  an  exudar 
tion  from  the  general  surface  of  the  f oitus  and  from  the  mem- 
branes. After  the  third  month,  the  sebaceous  secretion  from 
the  skin  of  the  foetus  prevents  the  absorption  of  any  of  the 
liquid. 

An  important  property  of  the  amniotic  fluid  is  that  of 
resisting  putrefaction  and  of  preserving  dead  tissues.    It  lA 

»  RoBiK,  LeftmM  9ur  U$  hwniW9,  Paris,  1867|  p.  782. 
*  See  Tol.  iil,  Secretion,  p.  822, 
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stated  by  Eobm  to  be  tbe  best  fluid  for  the  preservatioD  of 
the  embiyonic  tiseueSj  when  it  is  deeii^d  to  keep  them  for 
examination. 


FarmMiofh  of  the  UmNluxd  Vmck. — As  the  visceral 
pkteSj  which  will  be  described  hereafter,  close  over  the  front 
of  the  embrj^on,  that  portion  of  the  blastoderm  from  which 
the  intestinal  canal  is  developed  presents  a  vesicle,  which  is 
cut  off»  as  it  were,  from  the  abdominal  cavity,  but  still  com- 
municatee freely  with  the  intestine.  This  is  the  umbiUcal 
vesicle.  On  its  surface,  is  a  rich  plexus  of  blood-vessels ;  and 
this  is  a  very  important  organ  in  birds  and  in  many  of  the 
lower  orders  of  animals.  In  the  human  subject  and  in  mam- 
mals, however,  the  umbilical  vesicle  is  not  so  impoitant,  as 
nutrition  is  effected  by  means  of  vascular  connections  be- 
tween the  chorion  and  the  uterus.  The  vesicle  becomes 
gradually  removed  farther  and  farther  from  the  embryon,  as 
development  advances,  by  the  elongation  of  it8  pedicle,  and 
is  compressed  between  the  amnion  and  the  chorion  as  the 
former  membrane  becomes  distended. 

When  the  vesicle  is  formed,  in  the  way  which  wc  have 
indicated,  it  receives  two  arteries  from  the  two  aortie,  and 
the  blood  is  returned  to  the  embryon  by  two  veins,  which 
open  into  the  vestibule  of  the  heart.  These  are  called  the 
omphalo-mesenteric  vessels.  At  about  the  fortieth  day,  one 
artery  and  one  vein  disappear,  and,  soon  after,  all  vascular 
connection  with  the  embiyon  is  abolished.  At  first  there  is 
a  canal  of  communication  with  the  intestine,  called  the  ora- 
pbalo-mesenteric  canal.  This  h  gradually  obliterated,  and 
closes  at  the  tliirtieth  or  the  thirty-lifth  day.  The  point  of 
communication  of  the  vesicle  with  the  intestine  is  called  the 
intestinal  umbilicus;  and,  early  in  the  process  of  develop- 
ment, there  is  here  a  true  hernia  of  a  loop  of  intestine.  The 
umbihcal  vesicle  remains  as  a  tolerably  prominent  structure 
as  late  as  the  fourth  or  fifth  mouthy  but  it  may  often  be  di&' 
covered  at  the  end  of  pregnancy. 
154 
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Aeconiing  to  Kobin,  the  umbilical  vesicle  baa  tbreeooatoij 
an  exteraal,  smooth  membrane^  forined  of  connective  tiflBii 
a  middle  layer  of  transparent^  polyhedric  oeIlS|  and  an  inter- 
nal layer  of  spheroidal  cells.     The  membranej  composed  of 
these  layers^  encloses  a  pulpy  mass,  composed  of  a  li<jmd» 
containing  cells  and  yellowish  granulations.' 

Formation  of  the  AUaniois  and  the  Pertfianeni  Chorion^ 
— ^During  the  early  stages  of  development  of  the  umbilical 

vesicle,  and  while  it  is  being  shut  off  from  the  intestine,  there 
appears  au  elevation  at  the  poBterior  portion  of  the  intestine^ 
which  rapidly  increases  in  extent,  until  it  forms  a  membrane 
of  two  layers,  which  is  situated  between  the  internal  and 
the  external  layer  of  the  amnion.  This  membrane  becomed  | 
vascular  early  in  the  progress  of  its  development,  inereaaes ! 
in  size  quite  rapidly,  and  finally  completely  encloses  the  in- 
ternal layer  of  the  anmion  and  the  embryon,  the  gelatmous 
mass  already  described  being  situated  between  it  and  the  in- 
ternal amniotic  layer  before  this  membrane  becomes  enlarged. 
While  the  formation  of  the  two  layers  of  the  allantois  is  quite 
distinct  in  certain  of  the  lower  orders  of  animals,  in  the  hu- 
man subject  and  in  mammals,  it  is  not  so  easily  observed ; 
still,  as  was  first  shown  by  Coste,*  there  can  be  no  doubt 
as  to  the  mechanism  of  its  formation,  even  in  the  human 
ovum.  Here,  however,  the  allantois  soon  becomes  a  single 
membrane,  the  two  original  layers  of  which  cannot  be  sepa- 
rates! from  each  other.  The  process  of  the  development  of  the 
allantois  is  shown  in  the  diagrammatic  figures  34,  35,  and  36. 
It  is  the  vascularity  of  the  allantois  which  causes  the  rapid 
development  by  which  it  invades  and  finally  supersedes  the 
external  layer  of  the  amnion,  becoming  the  permanent  cho- 
rion, or  external  membrane  of  the  ovum.  At  first  there  are 
two  arteries  extending  into  this  membrane  from  the  lower 

'  RoBi5,  Afhrwirt  fur  ta  ttrwstnre  iniime  4i  la  vimctUe  wnhUiealr, — Jifurn^  tk 
U  j^jftidogit,  Pam,  18S1,  tame  K,  pp.  SOS,  814. 

*  CosTK»  Mmhrifi^SnU  comparU,  Paria,  1S37,  tome  l,  p.  281^  ^  i*^. 
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portion  of  the  aorta,  anrl  two  veins.  The  two  arteries  per* 
gist  and  fomi  the  two  arteries  of  the  umbilical  cord,  coming 
from  the  internal  iliac  arteries  of  the  fcetiis;  and  the  two 
veins  are  reduced  to  one,  the  umbilical  vein,  which  returns 
the  blood  from  the  placenta  to  the  fcetns.  These  vessels  are 
connected  with  the  pennanent  vascular  tufts  of  the  chorion. 

Longet  states,  as  the  result  of  a  study  of  the  specimens  in 
the  College  of  France,  prepared  by  Coste,  that  the  develop- 
ment of  the  allantois  cannot  be  well  observed  in  human  ova  be- 
fore the  fifteenth  or  the  twenty-fifth  day.*  We  have  already 
noted  the  formation  of  villosities, 
fir*st  upon  the  vitelline  membrane, 
and  next  upon  the  external  amniotic 
membrane,  and  we  have  seen  that 
both  of  these  membranes  are  temi>o- 
rary  stmctiiree.  As  the  vascular  al- 
lantois encroaches  upon  the  external 
amniotic  layer,  the  villosities  become 
vascular ;  and,  when  the  allantois  \fe- 
comes  the  permanent  chorion,  it  is 
marked  by  a  multitude  of  compound 
villi  over  its  entire  surface,  which 
give  the  ovnm  a  shaggy  appcHranee, 
It  is  difficult  to  say  whether  new  villi  appear  upon  the  allan- 
tois, or  whether  the  villi  of  the  amnion  are  penetrated  by  the 
vessels  of  the  allantois ;  but  it  is  certain  that  the  true  or  per- 
manent chorion  presents  upon  its  surface  vascular  villi.  As 
the  ovum  enlarges,  over  a  certain  area  surroimding  the  point 
of  attachment  of  the  pedicle  which  connects  it  with  the  em- 
br}'on,  the  villi  are  developed  more  rapidly  than  over  the 
rest  of  the  surface.  Indeed,  as  the  egg  becomes  larger  and 
larger,  the  villi  of  the  surface  outside  of  this  area  become 
more  and  more  scanty,  lose  their  vascularity,  and  finally  dis- 
appear. That  portion  upon  which  the  villi  persist  and  in- 
crease in  length  and  in  the  number  of  their  branches  is 
*  LoNatT,  Traits  dep^kioffit,  Piris,  lSd9,  tome  Jii.,  p*  849. 
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destined  to  form  eoTinections  with  the  mncous  membrane  of 
the  utenis,  and  constitutes  the  fetal  portion  of  the  placenta. 
According  to  Dahon,  this  change  beginis  at  about  the  end 
of  the  second  monthj  and  the  placenta  becomes  distinctly 
limited  at  about  the  end  of  the  thiixl  month,* 

It  must  1)6  remembered  that,  as  the  changes  progresB 
which  result  in  the  formation  of  the  permanent  chorion  and 
the  limitation  of  tlie  ftetai  portion  of  the  placenta,  the  forma- 
tion of  the  umbilical  vesicle  and  the  enlargement  of  tiie  am- 
nion are  also  going  on.  The  amnion  is  gradually  becoming 
distended  by  the  increase  in  the  quantity  of  amniotic  fluid;  it 
reaches  the  internal  surface  of  the  chorion  at  about  the  end 
of  the  fourth  month,  extends  over  the  umbilical  cord  to  form 
its  external  covering,  including  the  cord  of  the  umbilical  vesi- 
cle, and  the  umbilical  vesicle  itself  lies  in  the  gelatinous  mat- 
ter between  the  two  membranes. 

At  aliout  the  beginning  of  the  fifth  month,  then,  the  ovum 
is  constituted  as  follows : 

The  foetus  floats  freely  in  the  anmiotic  fluid,  attached  to 
the  placenta  by  the  imibilical  cord ;  the  chorion  presents  a 
highly  vasculiir,  thickened,  and  villous  portion,  the  fcetal  por- 
tion of  the  placenta ;  the  rest  of  the  chorion  is  a  simple  mem- 
brane, without  villi  and  without  blood-vesseU ;  the  amnion 
lines  the  internal  surface  of  the  chorion,  and  also  forms  the 
external  covering  of  the  umbilical  coi*d;  the  umbilical  vest 
cle  has  become  atrophied  and  has  lost  its  vascularity ;  the 
hernia  at  the  point  of  connection  of  the  imibiUcal  vesicle 
with  the  intestine  of  the  foetus  has  closed ;  finally,  the  f cetus 
has  imdergone  a  considerable  degree  of  development. 

It  now  remains  for  us  to  study  the  structure  of  the  um- 
bilical cord,  the  membranes  formed  from  the  mucous  mem» 
brane  of  the  uteruB,  or  the  membrana?  deciduse,  and  the  mode 
of  development  and  the  structure  of  the  placenta. 

UfnbUiml  Cord. — From  the  description  we  have  given  of 

'  DiXTON,  Human  PA^vnofc^y,  Philadelpbiii,  1871,  pp.  fl32»  638. 
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the  mode  of  development  of  the  chorion  and  the  amnion,  it 
is  evident  that  the  umbilical  cord  is  nothing  more  than  the 
pedicle  whicla  connects  the  erabryon  with  that  portion  of  the 
chorion  wliieh  enters  into  the  gtructure  of  the  placenta.  It 
is,  indeed,  a  process  of  the  aUantoie,  in  which  the  veeaels 
eventually  become  the  most  important  Btnicturea,  The  cord 
is  distinct  at  about  the  end  of  the  first  month  ;  and,  as  devel- 
opment advances,  the  vessels  consist  of  two  arteries  coming 
from  the  body  of  the  foetns,  which  are  usually  twisted  from 
left  to  right  aromid  the  single  nmbilical  vein.  In  addition 
to  the  spiral  turns  of  the  arteries  aromid  the  veins,  the  entire 
cord  may  be  more  or  less  twisted,  probably  from  the  move- 
ments of  the  f iPtns. 

Tlie  fully-developed  cord  extends  from  the  mnbilicus  of 
the  foetus  to  the  central  portion  of  the  placenta,  in  which  iti 
insertion  is  usually  obUque;  though  it  may  be  inserted  at 
Other  points,  and  even  outside  of  the  border  of  the  placenta, 
its  vessels  penetrating  this  organ  from  the  side.  Its  usual 
length,  which  varies  very  considerably,  is  alx>ut  twenty  inches. 
It  has  been  observed  as  long  as  sixty,  and  as  short  as  seven 
inches.^  When  the  cord  is  very  long,  it  sometimes  preeenta 
knots,  or  may  be  wound  around  the  neck,  the  body,  or  any 
of  tlie  membere  of  the  foetus ;  and  this  can  only  be  accounted 
for  by  the  movements  of  the  fa*tu8  in  uiero. 

The  external  covering  of  the  cord  is  a  process  of  the 
amnion,  which,  as  it  extends  over  the  vessek,  includes  a 
gelatinous  substance,  the  gelatine  of  AYliarton,  which  siir- 
Founda  the  vessels,  and  protects  them  from  compression. 
This  gelatinous  substance  is  identical  with  the  so-called  mem- 
brana  intermedia,  or  the  substance  included  between  the  am- 
idon  and  the  chorion.  The  entire  cord,  covered  with  the 
gelatine  of  Wharton  and  the  amnion,  is  usually  about  the 
size  of  the  little  finger.  According  to  Robin,  the  normal 
cord  will  sustain  a  weight  of  from  ten  pounds  and  ten  ounces 

*  Trolik^  Cifdapadia  of  Aftatotfttf  and  Phtfmlo^tft  London,  1949-1862^  YoL 
fT.t  part  iL,  p.  947,  Art!de»  T^rohh^^ 
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to  twelve  pounds  and  twelve  ounces  avoirdupois/  As  the 
amniotic  fluid  accuniuktes  and  distends  the  amniotic  mem- 
brane, it  becomes  more  and  more  closely  applied  to  the 
oord.  This  pressure  extends  from  the  placental  attachment 
of  the  cord  toward  the  foetus^  and  gradually  forces  into 
the  abdomen  of  the  fcetus  the  loop  of  intesttne,  which,  in 
the  early  periods  of  intra-nterine  life,  forms  an  xmibilie^ 
hernia. 

It  is  generally  stated  by  writers  upon  embryology  that 
the  vessels  of  the  cord  present  no  .valves ; .  but  recent  obsei'va- 
tions  by  Berger  have  demonstrated  the  presence  of  semi- 
lunar foldsj  both  in  the  vein  and  in  the  arteries.  In  the  his- 
torical account  of  this  subjectj  given  by  Berger,  it  is  stated 
that  many  of  the  older  writers  described  these  folds  more  or 
less  accurately,  and  that  they  were  observed  more  recently  by 
Hyrtl,  Berger  rejects  the  tei-m  valves,  as  applied  to  the  semi- 
lunar folds  which  he  has  observed,  particularly  as  regards 
those  foimd  in  the  umbilical  vein.  They  are  simple  inversions 
of  the  walls  of  the  vessels ;  and  they  do  not  exist  in  pairs, 
nor  do  they  seem  to  influence  the  cuiTent  of  blood.  In  the 
arteries,  these  folds  are  situated  at  intervals  of  from  half  an 
inch  to  two  inches,  and  are  more  abundant  where  the  vessek 
are  very  contorted*  In  the  vein,  the  folds  are  most  abundant 
near  the  placenta ;  they  are  very  irregulai4y  placed,  and,  in 
a  lengtli  of  four  inches,  fifteen  folds  were  found.  It  is 
not  apparent  that  these  folds  have  any  physiological  impor- 
tance,* 

As  the  aUantois  is  developed,  it  presents,  in  the  early 
stages  of  its  formation,  three  portions :  an  exlemid  portion, 
which  becomes  the  chorion,  an  internal  portion,  enclofc^ed  in 
the  body  of  the  embrj  on,  and  an  intermediate  portion.  The 
interme<iiate  portion,  as  wo  have  seen,  l)ecomes  the  umbilical 
oord.     As  tlie  umbilicus  of  the  fostus  closes  around  the  cord, 

*  Limts  «T  Roam,  ZHdionnain  d^  midfctM^  Fani^  ISYS,  Article,  OmhilieaL 
'  BCROUi,  Ji§chirtkei  JW  la  conformation  inihieurt  th  la  t?eine  et  dt»  ortirtM 
ombUimlea, — Ar4^Uft$  diphtf$iob^^  Pam,  1871-1872,  tome  W,^  p.  5ai»  H  aq^ 
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it  shuts  off  a  portion  of  the  allantois  contained  in  the  abdom- 
inal cavityj  wliich  becomes  the  urinary  bladder ;  but  there  is 
a  temporary  commimication  between  the  internal  portion  and 
the  lower  portion  of  the  conl,  which  ii*  exiled  the  nrachiis. 
This  is  generally  obliterated  before  birth,  and  is  reduced  to 
the  condition  of  an  impervious  cord ;  but  it  may  persist  dur- 
ing the  wliole  of  intra-iiterine  life,  in  the  form  of  a  narrow 
canal,  exten<iing  from  the  bladder  to  tlie  imibilicus,  which  is 
closed  soon  after  birth. 

MembrafUB  DeciducB. — ^In  addition  to  the  two  membranes 
connected  with  the  foetus,  there  are  two  membranes  formed 
from  the  mucous  membrane  of  the  uterus,  which  are  derived 
from  the  mother,  and  which  serve  still  farther  to  protect  the 
ovum.  The  chorion,  as  we  have  just  seen,  is  for  the  pmteo- 
tion  of  the  fcetus ;  but  a  portion  of  this  membrane,  aliout 
one-third  of  its  surface,  liecouies  closely  united  with  a  corre- 
sponding portion  of  the  uterine  mucous  membrane,  to  form 
the  placenta*  This  organ,  which  serves  for  the  nutrition  of 
the  foetus,  will  be  described  by  itself ;  but,  before  we  can 
thorougldy  comprehend  its  structure  and  the  process  of  its 
development,  we  must  study  carefully  the  formation  of  the 
membranse  decidual* 

As  the  fecundated  ovum  descends  into  the  uterus,  it  is 
usually  invested  witli  a  shaggy  covering,  which  is  eitlier  the 
permanent  chorion  or  one  of  the  membranes  which  invests 
the  OTum  previous  to  the  complete  development  of  the  allan- 
tois. At  this  time,  the  mucous  membrane  of  the  uterus  has 
undergone  certain  changes  by  which  it  is  prepared  for  the  re- 
ception of  the  ovum.    The  changes  which  this  membrane 

*  The  first  correct  account  of  the  deddu»  wms  giydn  by  William  Htutter,  who 
recoguiied  ibis  as  a  xnodlGcallon  of  the  utcriite  mucous  mcmbnine,  and  gave  it 
tbe  name  it  now  bears.  The  engru^ing^  iUuetratiiig  the  anatomy  of  the  grarid 
uCeroa,  with  the  membratica,  were  published  m  1774.  A  ftill  account  of  the 
deolda*  is  in  a  po-^tbumouB  publicaUon^  edited  bj  Dr.  Kigby.  (Hustteii,  An 
Anatamical  Ihaenptiotk  of  th^  Human  Grmid  [/terut  and  Hi  C<mimU^  Lo&daiiy 
1843,  p.  4ft t  et  «f^.) 
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undergoes  in  menstmation  liuve  alrendy  been  studied.*  It 
has  been  seen  that,  during  an  ordinarj^  menfetrual  period,  the 
membrane  has  been  increased  three  or  four  times  in  thickneiS 
and  has  become  more  or  less  rugous.  Without  being  able  to 
state  from  positive  observation  the  ehameter  of  the  ihnst  changes 
in  the  uterine  mucous  membrane  preceding  the  descent  of  the 
fecundated  ovum — for  the  opportunities  for  direict  inspection 
of  thete  parts  aftex  feeuuclation  and  before  the  arrival  of  the 
ovima  ai-e  not  fi-equent— it  is  almost  certain  that  this  hyper- 
trophy occurs  and  progresses.  One  of  the  most  favorable 
occasions  for  observing  these  early  changes  in  tbe  human 
subject  lately  presented  itself,  and  the  appeai^ances  were 
minutely  described  by  lieichert.  In  this  ease,  the  ovum  was 
lenticular^  measm-ing  nearly  one-fourth  of  an  inch  in  its  long, 
and  about  onensixth  of  an  inch  in  its  short  diameter.  It  waa 
covered  with  simple,  empty,  cylindrical  villi^  and  was  esti- 
mated to  be  at  from  the  twelfth  to  the  thirt^entli  day  of  its 
development,  dating  from  fecundation.  It  was  enclosed  in 
the  decidua  i*eflexaj  and  it  was  thought  tbat  this  had  been  ao- 
compHshed  from  twenty-four  to  forty-eight  hours  before  the 
death  of  the  motber. 

According  to  Reiehert,  the  thickening  of  the  mucous  mem- 
brane of  the  utenis,  which  occui^s  at  each  menstrual  period, 
in  case  the  oviun  be  not  fecundated,  is  relieved  by  a  flow  of 
blood  and  disappears ;  but,  if  fecundation  take  place,  the 
membrane  continues  to  li}^jeitrophy  and  to  prepare  itself  to 
enclose  the  ovum.  In  this  process,  when  an  ovum  has  been 
fecundated,  there  are  foraied,  upon  the  surface  of  the  mucous 
membrane,  little  elevations,  or  islands,  provided  with  primary 
and  secondaiy^  papillte,  everjnviiere  except  at  their  borders, 
whei^  the  membrane  is  srao<:)th  and  presents  the  enlarged 
orifices  of  the  uterine  follicles.  The  ovum  obsen'o*!  by 
Beichcrt  was  found  embedded  in  the  parenchyma  of  one  of 
these  islands  ;  and,  as  it  was  detached,  several  villi  were  drawn 
inune(,]iately  out  from  the  uterine  tubules, 

1  See  page  SOS. 
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It  ifl  now  well  known  tliat  the  mucous  membrane  lining 
the  gi'avid  nteruB  forms  what  has  been  caDed  the  decidua 
vera,  and  that  a  portion  is  reflected  over  the  OTum,  to  form 
the  decidim  reflexa.  Eeichert  is  of  the  opinion  that  the  view 
entertained  by  most  observers,  that  the  fecundated  o\"«ra 
lodges  itj&elf  in  one  of  the  furrows  of  the  hypertrophied 
membrane  and  is  finally  enclosed  by  an  elevation  of  the  walls 
of  the  f  mTOw,  cannot  be  sustained.  He  thinks  that  the  o\Tim 
first  becomes  attached  to  one  of  the  "  islands ; "  at  the  point 
of  attachmentj  the  island  does  not  inci'ease  in  size  as  rapidly 
as  at  other  portions,  so  that  the  ovum  rests  in  a  cup-shaped 
depression  ;  finally,  a  growth  takes  place  from  the  margin  of 
this  depression,  which  extends  around  and  encloses  the  ovmn, 
presenting  a  spot  where  the  final  closure  takes  place,  called 
the  decidual  nmbihcus.' 

We  have  given  the  recent  views  of  Keiehert  thus  fnUy, 
for  the  reason  that  they  are  based  upon  the  study  of  a  re- 
markably young  ovmn,  and  appear  to  be  more  exact  and  def- 
inite than  any  obser\^ation  hitherto  recorded ;  and  we  shall 
adopt  this  deseription  as  representing  the  early  stages  of  the 
formation  of  the  membrante  deciduec. 

According  to  Reichert,  the  o\nim  is  completely  enclosed 
at  the  twelfth  or  the  thirteenth  day.  The  mucous  membrane 
lining  the  uterus  becomes  the  decidua  vera,  and  the  torder 
from  which  the  new  growth  is  formed  which  covers  the  ovum 
is  the  boundary  between  this  and  the  decidua  reflexa.  The 
new  growth,  springing  from  this  border,  envelops  the  ovum 
completely,  and  la  called  the  decidua  reflexa;  and,  in  this 
membrane,  there  is  no  trace  of  the  uterine  tubules. 

As  development  advances^  a  portion  of  the  decidua  vera, 
the  description  of  which  we  reserve  for  the  present,  under- 

*  RsieBXRTf  Bm^rtibimg  einer  frUJimiSiffim  mefitthliehtn  Fnteht  im  hldtehen* 
/ormiff^n  BUdunfftgnaiande  wftsi  vergldehmdm  UntertucKun^m,  v^r  die  hUU- 
eh«r^6rmiffm  DrwhU  der  SSuff^thurt  und  det  Mmschm, — ArcMv/ur  AnatomUf 
Fk}fMi>^  und  wia§eHseha/tUeh$  JMiem^  L«ipxig,  1673^  No.  1,  S.  127,  d  uq* 
Tbtn  artifte  h&fl  &Lao  been  pabliBbed  sepAmtely  in  4o.,  with  iUtittntlonfl,  (Idem| 
Berlin,  1878,  S.  8».) 
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goes  development  into  the  maternal  portion  of  the  placenta. 
The  rest  of  the  decidua  vera  becomes  extended,  loses  its  ves- 
sels and  glands,  and  is  reduced  to  the  condition  of  a  simple 
membrane. 

According  tc  Robin,  the  cylindrical  epithelial  cells  of  the 
mncous  membrane  of  the  body  of  the  uterus,  soon  after  fe- 
cnndatioD,  become  gradually  exfoliated,  and  their  place  is 
supplied  by  flattened  epithelial  scales,  of  the  pavement-va- 
riety. This  change  is  effected  at  from  the  sixth  to  the  eighth 
week,  and  the  pavement-cells  are  then  found  covering  both 
the  decidua  vera  and  the  reflexa.  The  epithelium  of  the  cer- 
vix retains  its  cylindrical  character,  but  most  of  the  cells  lose 
their  cilia.* 

During  the  first  periods  of  utero-gestation,  the  two  layers 
of  decidua  are  separated  by  a  sniall  amount  of  an  albuminous 
and  sonietiraes  a  sanguinolent  fluid;  but  this  disappears  at 
about  the  end  of  the  fourth  months  and  the  membranes  then 
come  in  contact  with  each  other,*  They  soon  become  so 
closely  adherent  as  to  form  a  single  membrane,  which  is  in 
contact  with  the  chorion.  Sometimes,  at  full  term,  the  mem- 
branes of  the  f cetus  can  be  sepamted  from  the  decidua ;  but 
frequently  all  of  the  different  layers  are  closely  adherent  to 
each  other. 

The  changes  we  have  just  described  are  not  participated 
in  by  the  mucous  membrane  of  the  neck  of  the  uterus.  The 
glands  in  this  situation  secrete  a  semisolid,  transparent,  viscid 
mucus,  which  closes  the  os,  and  is  sometimes  called  the  uter- 
ine plug. 

Toward  the  fourth  month,  a  very  delieate,  soft,  homo- 
geneous layer  appears  over  the  muscular  fibres  of  the  uteros, 
beneiith  the  decidua  vera,  which  is  the  beginning  of  a  new 
mucous  membrane.    This  is  develoi^ed  very  gradually,  and 

*  EOBiK,  JUmoire  wur  gmlquta  poinis  de  VanaUimiis  ddela  ph^fmiogii  de  h 
muqmim  H  de  r^dlhUimn  u/Mru  pendant  h  ^roMMW.— /oiiniaf  de  h  ph^Hoh* 
ffit,  Paris,  1B&8,  tome  t,  pp.  60,  61. 

'  LoiiQKTf  Tr^i  dtpht^oto^t,  Fikrifl^  18^9^  tome  uL,  p.  868. 
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tlie  membrane  ia  completely  restored  about  two  months  after 
parturition. 

Siieb  are  the  changes  in  the  mucous  membrane  of  the 
uterus  which  result  in  the  formation  of  the  membrauEe  deci- 
duH?.  We  shall  not  disciuss  the  old  ideas  of  the  formation  of 
a  decidua  by  an  exudation  from  the  mueous  membrane,  or 
the  view  that  the  mucous  membrane  extends  over  the  open- 
ingB  of  the  Fallopian  tnbes^  and  that  a  portion  of  it  is  pushed 
into  the  uterus  by  the  descending  ovum  to  form  the  decidua 
reflexa,  ns  these  considerations  have  now  only  an  historical 
intei'est*  The  mode  of  development  of  the  decidua  reflexa 
by  a  gro^vth  of  the  raucous  membrane  of  the  uterus  over  the 
ovmu  was  discovered  by  Coste  ;  *  and  this  view  has  been  but 
little  modified  by  the  observations  of  Reichert,  which  we 
have  quoted  so  fully. 

I>et)eloptnmt  mid  Structure  of  the  PtaoerUa. — ^In  describ- 
ing the  formation  of  the  membranfe  deciduie  and  of  the 
chorion,  we  have  necessarily  hinted  at  the  mode  of  develop- 
ment of  the  placenta.  Although  there  is  considerable  diif^- 
ence  of  opinion  among  anatomists  with  regard  to  the  exact  re- 
lations between  the  vessels  of  the  mother  and  of  the  f cetus  in 
nt^po,  it  is  admitted  by  all  that  the  fcetuB  derives  its  nourish- 
ment from  the  maternal  blooil,  and  that  the  placenta  is,  in  ad- 
dition, a  respiratory  organ,  B^asoning  from  what  we  should 
consider  to  bo  the  requirements  of  the  foetus,  it  would  be 
natural  to  suppose  that  the  foetal  vessels  are  bathed  in  mater- 
nal  blood ;  and  it  is  certain  that  the  two  sets  of  vessels  have 
no  dii'ect  communication  with  each  other.  It  is  also  well 
known  that  the  foBtus  has  an  independent  circulation^  its  heart 
beating  about  twice  as  fast  as  the  heart  of  the  mother.  In 
our  description  of  the  placenta,  we  shall  first  give  the  views 
which  we  conceive  to  be  correct,  and  then  ad\^nce  the  facts 
and  arguments  by  which  these  views  are  apparently  supported. 

'  CosTEf  Dhffioppermni  dSst  torpt  otyoriMlt,  Paris,  1S49,  Eipknationi  of  Pktei 
Ef  li*.,  Tii.,  «tpice  humaine. 
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BeginniDg  with  the  first  development  of  the  placenta,  the 
observation  which  we  have  quoted  from  Heichert,  in  which, 
it  will  be  remembered,  the  ttiits  of  the  foetal  chorion  were 
actually  di-awn  out  of  the  tubules  of  the  uterine  mucous 
membrane,  seems  to  demonstrate  beyond  question  the  fact  of 
penetration  of  the  villi  of  the  chorion  into  the  maternal 
tubes.  This  is  a  capital  point  in  our  view  of  the  mode  of 
development  of  the  placenta  ;  and  this  cannot  be  questioned, 
if  we  admit  the  accuracy  of  Keicherf  8  description.  It  ii 
certain  that  the  portion  of  the  chorion  which  eventually  be- 
comes attached  to  the  uterus  undergoes  a  much  greater  de- 
gree of  development  than  the  rest  of  the  membrane.  The 
villi  in  this  situation  become  branched  and  arborescent ;  they 
are  filled  with  blood-vessels,  while  the  vascularity  in  other 
partes  of  the  chorion  disappears ;  the  mucous  membrane  cor- 
responding to  this  portion  of  the  chorion  also  becomes  thick- 
ened ;  the  tubes  in  which  the  villi  have  penetrated  are  cor- 
respondingly enlarged  and  branched,  an<l  the  vessels  which 
surroimd  them  are  increased  in  size ;  finally,  the  union  be- 
tween the  villi  and  tlie  tubes  becomes  so  close  that  they 
cannot  be  separated  from  each  other.  It  is  evident  that,  if 
this  be  the  mode  of  development  of  the  placenta,  the  mater- 
nal portion  is  formed  from  a  restricted  and  an  hypertrophied 
part  of  the  mucous  membrane  of  the  uterus,  and  the  foetal 
portion  is  simply  an  exceedingly  vascular  and  viUous  part  of 
the  chorion. 

As  development  advances,  the  vessels  of  the  matemal 
portion  of  the  placenta  coalesce  into  great  lakes,  which  comr 
municate  freely  with  the  uterine  sinuses.  In  these  great 
cavities,  we  find  the  vascular  fcetjd  tufts ;  and  it  is  easy  to  im- 
derstand  how  transudiition  of  nutritive  material  and  ga^es 
can  take  place  from  the  blood  of  the  mother  to  the  vascular 
system  of  the  fcetus. 

K  the  above  description  be  correct,  we  should  be  able  to 
pass  an  injection  from  the  uterine  sinuses  into  the  iiiatemal 
portion  of  the  placenta,  even  as  far  as  its  foetal  surface ;  but 
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tliis  is  a  point  concerning  which  there  has  been  a  great  deal 
of  discuiifiiuii. 

In  injected  specimens  of  the  placenta,  when  an  attempt 
has  been  made  to  fill  the  maternal  as  well  as  the  fcetil  ve&» 
gels,  the  material  injected  into  the  uterine  vessels  has  some- 
times  passed  through  the  entire  thickneas  of  the  placenta  and 
appeared  just  beneath  the  transparent  chorion  at  the  fietal 
surface  of  the  organ.  This  appearance,  however,  has  been 
thought  by  some  writers  to  be  due  to  extravasation ;  and 
many  physiologists  are  of  the  opinion  that  the  placenta  has 
no  maternal  portion,  that  it  is  entirely  a  fojtal  organ,  and 
that  the  maternal  vessels  do  not  pass  beyond  the  surface  by 
which  it  18  attached  to  the  walls  of  the  uterus.  This  opinion 
we  believe  to  be  erroneous ;  and  we  quote  in  full  the  follow- 
ing observation  made  by  John  Hunter,  who  was  the  first  to 
give  a  correct  idea  of  the  relations  hetween  the  maternal  and 
the  foetal  vessels :  * 

*'  The  late  indefatigable  Dr.  McKenzie,  atiout  the  month 
of  May  1754,  when  assistant  to  Dr.  SmeUie,  having  pro- 
cured the  body  of  a  pregnant  woman,  who  died  imdelivered 
at  the  full  term,  had  injected  both  the  veins  aiul  arteries  with 
peculiar  success ;  the  veins  being  filled  with  yellow,  the  arte- 
ries with  red, 

"  Having  opened  the  abdomen,  and  erpoeed  the  utenis, 
he  made  an  incision  into  the  fore  part,  quite  through  it*  sub- 
stance, and  came  to  what  seemed  to  be  an  irregular  mass  of 
^^  injected  matter.  The  appearance  being  new,  he  proceeded 
^^t  no  further,  and  greatly  obliged  me,  by  desiring  my  attend- 
^^M  ance  to  examine  parts,  in  which  the  appearances  were  so  un- 
^^m  common.  The  examination  was  made  in  his  presence,  and 
W  in  the  pree^ice  of  several  other  gentlemen,  whose  names  I 

I  have  now  forgotten  ;  but  I  have  reason  to  believe  tliat  some 

^L^        are  settled  in  this  countr}-,  who  I  hope  will  have  hti  oppurtu- 
^^M       nity  of  perusing  this  publicatiom 

I 


'  John  HtTNTEB,  On  the  Strurtnre  of  Ih*  Fttteertia. — OhmrwHom  on  c^tain 
Farit  of  the  Animal  QCconomit,  Loinlon,  17^2,  p.  158. 
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"I  first  raised,  with  gi'eat  care^  a  part  of  the  uterus  fronaj 
the  irregular  mass,  and  iii  doing  this,  observed  regular  pieces 
of  wax  passing  obliquely  between  it  and  the  uterus,  which. 
broke  ofif^  leaving  part  attached  to  that  mass ;  and  on  »tt«a- 
tively  examining  the  portions  towards  the  uterus,  they  pkinl  j 
appeared  to  be  a  oontinuation  of  the  veins  passmg  from  it  to 
this  substance,  which  proved  to  be  the  placenta. 

**^I  likewise  observed  other  vessels,  about  the  size  of  a 
erow-quill,  passing  in  the  same  manner,  although  not  so 
obliquely  ;  these  also  broke  upon  separating  the  placenta  and 
uterus,  leaving  a  small  portion  on  the  surface  of  the  pla- 
centa ;  and  on  examination  they  were  discovered  to  be  con- 
tinuations of  the  arteries  of  the  uterus.  My  next  step  was  to 
trace  these  vessels  into  the  substance  of  what  appeared  pla- 
centa, which  was  first  attempted  in  a  vein ;  but  that  soon  lost 
the  regularity  of  a  vessel,  by  terminating  at  once  upon  the  i 
surface  of  the  placenta  in  a  very  fine  spongy  substance ;  the 
interstices  of  which  were  filled  with  the  yellow  injected  mat- 
ter. This  termination  being  ne%v,  I  repeated  the  same  kind 
of  examination  on  other  veins,  which  always  led  to  the  same 
terminations,  never  entering  the  substance  of  the  placenta  in 
the  form  of  a  vessel-  I  then  examined  the  arteries,  tracing 
them  in  the  same  manner  toward  the  placenta,  and  foimd 
that,  having  made  a  twist,  or  close  spiral  turn  upon  them- 
selves, they  were  lost  on  its  surface.  On  a  more  attentive 
view,  I  perceived  that  they  terminated  in  the  same  way  as 
the  veins ;  for  opposite  to  the  mouth  of  the  artery,  the 
spongy  substance  of  the,  placenta  was  readily  distingoifihed 
with  the  red  injection  intermixed. 

'^  Upon  cutting  into  tlie  placenta  I  discovered,  in  many 
places  of  its  substance,  yellow  injection,  in  othere  red,  and  in 
many  others  these  two  colours  mixed.  The  sul)stance  of  the 
placenta,  now  filled  with  injection,  had  nothing  of  the  vascu- 
lar appearance,  nor  that  of  extravasation,  but  had  a  regularity 
in  its  form  which  showed  it  to  be  naturally  of  a  cellular 
structure,  fitted  to  be  a  reservoir  for  blood. 
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"  I  perceived  likewise^  that  the  red  injectioii  of  the  arte- 
ries, (which  had  been  first  injected)  had  passed  out  of  the  sub- 
stance of  the  placenta  into  some  of  the  veins  leading  f  i*om  the 
plac4?nta  to  the  uterus,  mixing  itself  with  the  yellow  injec- 
tion ;  and  that  the  spongy  chorion,  caUed  the  decidua,  by  Dr. 
Hunter,  was  very  vaseularj  its  vessels  going  to  and  from  the 
ntenis,  being  filled  with  the  different  coloured  injections." 

We  have  quoted  the  above  in  full,  for  the  reason  that 
tliis  observation  seems  to  show  that  the  uterine  vessels  com* 
munieate  with  great  sinuses  or  lakes  of  blood  in  the  placenta. 
This  view  was  at  fii'st  pretty  generally  adopted  by  anatomists ; 
but  some  observers  subsequently  denied  this  arrangement, 
supposing  that  the  uterine  vessels  terminated  at  the  placenta 
without  penetrating  this  organ.  Adopting,  however,  the 
Hunterian  view  of  the  arrangement  of  the  maternal  vessels, 
Eeid  showed,  by  injections  of  the  umbilical  vessels,  that  the 
foetal  tufts  of  the  placenta  were  supplied  with  blood  from  the 
umbilical  arteries,  which  was  returned  to  the  f  cetus  by  the 
umbilical  vein,* 

The  important  point  in  the  determination  of  the  eonneo- 
tion  of  what  may  be  termed  the  placental  maternal  sinuses 
with  the  vessels  of  the  uterus  can  be  settled  by  injection  of 
the  uterine  vessels  in  cases  in  which  the  observation  can  be 
made  while  the  placenta  is  still  attached  to  the  uterine  walls, 
Dalton,  since  1853,  has  examined  the  parts  in  situ  in  four 
cases  of  women  who  died  undelivered  at  or  near  the  full 
term  of  pregnancy,  and  adopted  the  ingenious  expedient  of 
filling  the  uterine  vessels  with  air,  by  which  the  course  of  the 
injection  could  be  directly  observed.  This  operation  is  per- 
formed in  the  following  manner :  The  uterus,  with  its  con- 
tents, is  removed  from  the  body,  is  carefully  opened,  and  the 
fcDtos  is  taken  out,  after  di\nding  the  umbilical  c^rd.  The 
parta  are  then  placed  under  water,  the  end  of  a  blow-pipe  is 

^  Rkid,  On  the  Amttomir^l  EtilaHom  <*f  the  Bhod^iMmdi  of  the  Muthrr  to  thoM 
^ftht  Fietui  in  thf  Human  Spears. — Phimoioffical  Anatcmieial  and  Pathologietd 
Mmtofehut,  Edinbiu^h,  1848^  p.  316^  cf  f^. 
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introduced  into  one  of  the  divided  vesaels  of  the  uterine 
walls,  and  air  is  forced  in  by  gentle  insiiiflatiou.  By  this 
process,  tlie  venous  sinuses  of  the  uterus  itself  are  first  filled, 
next,  the  deeper  portions  of  the  placenta,  and  finally,  **  the 
bubbles  of  air  insinuate  themjselves  everywhere  betsveen  the 
fcetal  tufts,  and  appear  in  the  most  superficial  portiouB  of  the 
placenta,  immediately  underneath  the  transparent  chorion. 
K  the  chorion  be  now  divided  at  any  point  by  an  incision^ 
passing  merely  through  its  own  thickness,  the  air,  which  was 
confined  beneath  it  in  the  placental  sinuses,  will  escape,  and 
rise  in  bubbles  to  the  surface  of  the  water.  Such  an  estper 
ment  shows  conclusively  that  the  placental  sinuses  commu 
cate  freely  with  the  uterine  vessels,  occupy  the  entii'e  thick- 
ness of  the  placenta,  and  are  equally  extensive  with  the  tufts 
of  the  f ffital  chorion."  Dalton  farther  states  that  the  uterine 
vessels,  as  they  penetrate  the  placenta,  have  an  exceedingly 
oblique  direction,  and  tliat  their  orifices  may  be  easily  over- 
looked, but  can  be  seen  by  careful  inspection/ 

We  have  no  doubt  with  regard  to  the  accuracy  of  the  ob- 
flervations  of  Dalton,  and  we  conceive  that  they  have  settled 
the  question  of  the  existence  of  a  true  maternal  portion  of 
the  placenta.  In  corroboration  of  this,  in  1864,  we  examined 
the  uterus,  vnth  the  placenta  attached,  of  a  woman  who  died 
in  the  latter  months  of  pregnancy,  in  the  presence  of  the  late 
Prof,  G.  T.  Elliot  and  Prof.  J.  P,  White,  and  forced  air  from 
the  uterine  sinuses  throughout  the  entire  thickness  of  the 
placenta,  between  the  fostal  tufts.  In  view  of  these  facts, 
concerning  which  there  can  be  no  doubt,  it  seems  unnecessary 
to  discuss  the  more  or  less  theoretical  views  of  writers  who 
have  not  made  injections  of  the  uteriiB  with  the  placenta  at- 
tached. The  observations  of  Dalton  have  since  been  con- 
firmed by  numerous  anatomists,  among  tlie  latest  of  whon 
we  may  mention  Prof,  Turner,  Dr.  J.  Matthews  Duncan^^ 
and  M.  Laure;    so  that  we  must   consider  the  fact  of  an 

1  Dalton,  Anaiomjf  o/  the  Fheenta,    From  the  Ammcsn  Mtdicai  ManiMy, 
New  York,  July,  1868»  pp.  12, 14. 
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intra-placental  circulation  of  maternal  blood  as  definitively 
established.* 

&ru<dniTe  of  the  FuUy-devdoped  Placenta. — ^The  placenta 
of  the  human  subject  presents  certain  differences  in  its  struct- 
ure at  various  periods  of  utero-gestation,  most  of  which  have 
been  indicated  in  treating  of  its  development.  At  about  the 
end  of  the  third  month,  the  limits  6f  the  placenta  become 
distinct,  and  the  organ  rapidly  assumes  the  anatomical  char- 
acters observed  after  it  may  be  said  to  be  fully  developed.  It 
then  occupies  about  one-third  of  the  uterine  mucous  mem- 
brane, and  is  generally  rounded  or  ovoid  in  form,  with  a 
distinct  border  connected  with  the  decidua  and  the  chorion. 
It  is  from  seven  to  nine  inches  in  diameter,  a  little  more  than 
an  inch  in  thickness  at  the  point  of  penetration  of  the  um- 
bilical cord,  slightly  attenuated  toward  the  border,  and  weighs 
from  fifteen  to  thirty  ounces.  Its  foetal  surface  is  covered 
with  the  smooth  amniotic  membrane,  and  its  uterine  surface, 
when  detached,  is  rough,  and  divided  into  numerous  irregular 
lobes  or  cotyledons,  from  half  an  inch  to  an  inch  and  a  half 
in  diameter.  Between  these  lobes,  are  mejnbranes,  called 
dissepiments,  which  penetrate  into  the  substance  of  the  organ, 
frequently  as  far  as  the  fcetal  surface.' 

Upon  the  uterine  surface,  is  a  thin,  soft  membrane,  some- 
times called  the  decidua  serotina.  This  is  merely  a  portion  of 
the  mucous  membrane  of  the  uterus  situated  next  the  muscu- 
lar walls,  the  greiiter  part  of  it  not  being  thrown  off  with  the 
placenta-  It  is  composed  of  amorphous  matter,  numerous 
granulations,  and  colossal  cells  with  enlarged  and  multiple 
nuclei.  If  we  scrape  the  uterine  surface  of  a  fresh  placenta, 
these  cells  appear,  on  microscopical  observation,  very  much 

'  TrRNEn,  Ofmenaihm  im  ih§  Stmehtrt  of  the  ffumat^  FUumkk — Journal  of 
Anafomi/  and  PhifMoffjf^  Otmbfidge  and  London,  1873,  voi  tIL,  p.  183. 

Laitbx,  L$  plaeenia* — Rexm^  ieUni^que^  PoHa,  1873^*74,  totnea  lii.,  xiii, 
p.  7S6. 

*  Fawue,  C^^l^padia  of  Anatomy  and  Ph^m/oloffy^  Londoiif  1859^  toI.  t., 
Supplement,  p.  715,  W  je^.,  Article,  Utcna  and  Um  Appmda^^ 
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like  the  soealled  cancer-cella.  There  lias  been  and  is  now  oon 
siderable  difference  of  opinion  with  regard  to  the  foimation 
of  the  deeidua  serotina.  Some  writerfi,  who  do  not  admit 
that  the  placenta  has  any  true  maternal  portion,  regard  it  i 
the  portion  of  deeidua  imprisoned  between  the  chorion  andl 
the  mnscnlar  walls  of  the  uterus ;  *  but,  if  we  adopt  the  view 
that  the  pkcenta  is  formed  in  part  of  the  uterine  mucoua . 
membrane,  we  must  I'egard  the  serotina,  so  called,  as  simply 
the  deeper  portion  of  tliis  mambrane. 

Adopting  the  view,  as  we  have,  that  the  villi  of  the  cho- 
rion are  bathed  in  the  maternal  blood  in  the  substance  of  the 
placenta,  and  that  these  villi  originally  penetrate  the  uterine 
tubules,  the  theorv'  lately  advanced  by  Ercolani,  that  the  pla- 
centa eontains  utricular  glands  which  elaborate  a  fluid  for 
foetal  nutrition,  from  a  theoretical  point  of  view  at  least,  is 
not  necessary  to  explain  the  nutritive  functions  of  the  pla- 
centa. There  is  no  reason  to  beheve  that  there  is  any  such 
process  of  secretion  in  the  placenta ;  and  it  is  more  consistent 
to  assume  that  there  is  a  simple  transudation  of  nutritive 
material  from  the  blood  of  the  mother  through  the  vessels  of 
the  fcetal  tufts.  This  opinion  is  not  opposed  to  the  demon- 
stration, by  Ercolani,  of  utricular  glands,  developed  either 
from  the  original  uterine  tubules  or  of  new  foiination;  it 
simply  does  not  admit  the  function  ascribed  to  these  glands 
by  Ercolani,  which  rests  upon  purely  theoretical  considera- 
tionfl/ 

Bl'Oodr^essd^  of  if  is  Placenta, — The  two  arteries  of  the 
umbilical  cord  branch  upon  the  f cetal  sm'face  of  the  placenta 
beneath  the  ainniou,  and  finally  penetrate  the  substance  of 
the  organ.     The  branches  of  the  veins,  which  are  about  six* 

^  KoBiit,  Miffkmr€  ntr  qu«lq%m  points  d»  ttmei^mie  H  df  (a  phymclo^  dt  la 
mmgumiM  wt  di*  VepiikiUmrk  uUrim  pmdami  la  fffoumBC—Joumai  cU  la  phynoUh 
gie,  Paria,  1858,  tome  I,  p.  60. 

*  Ebcolaki,  Jlhnoire  tur  la  glandt*  iOrUnMrm  dt  tfUinm  H  tut  r^tfom 
lflandvlair€  de  nouvelU  /onnoHan.'-Jcmmal  ds  tanaiomU^  Farii,  1808,  lotne  y^ 
p.  001,  et  teg. 
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teen  in  nnraber^  converge  toward  the  cord,  and  nnite  to  form 
the  umbilical  vein.  Upon  the  uterine  surface,  are  numeroufl 
oblique  openings  of  the  veins  which  retnni  the  uiateniAl 
blood  to  the  uterine  sinuses.  There  are  abo  numerous  small 
spiral  arteries,  which  pass  into  the  substance  of  the  organ  to 
supply  blood  to  the  maternal  portion.  These  are  the  '*  curl- 
ing arteries,"  described  by  John  Hunter.* 

If  we  inject  the  umbilical  arteries,  the  fluid  is  returned 
by  the  umbilical  vein,  having  passed  through  the  vascular 
tufts  of  the  fcetal  portion  of  the  placenta.  According  to 
Fari'e,  the  small  arteries  and  the  veins  of  the  villi  at  lli-st 
communicate  through  a  true  capillary  plexus ;  but,  toward 
the  end  of  pregnancy^  the  ciipillaries  disappear,  leading  loops 
of  vessels,  **  simple,  compound,  wavy,  or  much  contorted,  and 
in  parts  varicose/' ' 

According  to  the  recent  researches  of  Winkler,  there  are 
three  kinds  of  fa*tal  villi :  1,  Those  which  terminate  just 
beneath  the  chorion,  without  j^enetrating  the  vascidar  lacu- 
nas* 2,  Longer  villi,  which  hang  free  in  the  laeunte.  3.  Long, 
branching  villi,  which  penetrate  more  deeply  into  the  placenta, 
some  extending  as  far  as  its  uterine  surface.*  Winkler  does 
not  admit  the  existence  of  perivaseidar  spaces  in  the  foetal 
tufts,  which  have  been  described  by  Reitz.* 

The  formation  of  the  great  vascular  lakes  of  the  maternal 
portion  of  the  placenta  has  already  been  described.*  These, 
according  to  Winkler,  present  mmierous  tnibeeulic,  which  ex- 
tend from  the  uterine  to  the  foetal  surface ;  and,  between  these 
trateculte,  are  numerous  exceedingly  delicate  transverse  and 

*  ncjNTKR,  Oft  ihs  ^tuiture  of  the  Placenia^'^Ohstfv^umM  on  Ctriam  PmU 
of  the  Animal  (Ecoftomy^  London,  1792,  p.  J  71. 

'  Fjlbrz,  op.  (it. — Ctfchprndia  of  Aimtotn^  and  FkyMo^^  London,  1859| 
roL  v.,  Suppk'tiicnt,  p.  718* 

■  WtKiLLKft^  Zur  KcfitnUs  der  mrnKhlkhm  Pia<mUn, — ArMi  fikr  (jfynmk^ 
logU,  Iterlin,  1872,  Bd,  iv,,  gl  249. 

*  WiNKXKR,  op.  Cit.,  S.  263. 

RxiTZ^  in  Stbiciuer^  Manual  of  Human  and  Oomparaiwe  BUtotoffify  Tbe  New 
SydenliiLni  Society,  London,  1878,  voL  iil,  p.  490, 
'  See  page  878* 
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oblique  secondary  trabecular  processes.*  The  chorionic  villi, 
according  to  the  recent  observations  of  Hennig,'  contain 
blood-vessels,  which  we  have  already  described,  surrounded 
by  a  gelatinous,  connective-tissue  structure  {ScMei/mgewebe)^ 
and  are  generally  covered  with  a  layer  of  nucleated  cells  of 
pavement-epithelium. 

In  parturition,  the  curling  arteries  and  the  veins  on  the 
uterine  surface  of  the  placenta  are  torn  off,  and  the  placenta 
then  consists  of  the  parts  we  have  just  described ;  the  torn 
ends  of  these  vessels  attached  to  the  uterus  are  closed  by  the 
contractions  of  the  surrounding  muscular  fibres;  and  the 
blood  which  is  discharged  is  mainly  derived  from  the  placenta 
itself.  Thus  the  very  contractions  which  expel  the  contents 
of  the  uterus  close  the  vessels  and  prevent  loss  of  blood  by 
the  mother. 

*  WiXKLER,  Zur  Keninist  der  menacKliehm  Hacenla. — Archxv  fur  Gynaekv 
logU,  Berlin,  1872,  Bd.  iv.,  S.  240. 

*  Heknio,  Studien  uber  den  Bau  der  mensehliehen  Placenta,  Leipzig,  1872,  SL 
19. 


CHAPTEK  XVI. 


DEVELOPMENT    OF    THE    KMBBYOH  ^ — THE    OSSEOUS,    HCSCHUUt^ 
CDTAJTBOUS,   AUD  SEBVOUS  STfif  EMS. 

Geoenil  yiew  of  tbe  development  of  tiie  embryon — Development  of  the  caviUed 
ind  lajera  of  iJie  trunk  in  the  cbick^ — E2t4!raal  blastodermic  ineiDbmiie— 
IntermedUte  membrane,  m  two  kjers — Internal  blastodermic  membrane — 
Keural  canal — Chorda  dorsalis— Primitive  aortBE— Vertebra— Origin  of  ihe 
WoUfian  bodies — ^Pleuro-peritoneal  cavity — Development  of  tha  akekton-^ 
Oaaiflcatlon  of  the  skeleton^ — Development  of  the  musdea — Development  of 
the  skin— Development  of  the  nenroiu  sjatem — Development  of  the  euceph* 
alon — Development  of  the  organs  of  apeoial  eemse — Cartilage  of  Meckel 

The  product  of  generation  retains  tlie  name  of  ovum  un- 
til the  form  of  tLe  body  begins  to  be  apparent,  when  it  is 
ealled  the  enibryon.  At  the  fourth  month,  about  the  time 
of  quickening,  it  is  called  the  foetue,  a  name  which  it  retains 
during  the  rest  of  intra-uterine  life.  The  membranes  which 
we  have  de&cribed  in  the  preceding  chapter  are  appendages 
developed  for  the  purposes  of  protection  and  nutrition ;  and 
the  embryon  itself,  in  the  mammalia,  is  developed  from  a 
restricted  portion  of  the  layers  of  cells-  resulting  from  the 
segmentation  of  the  vitellus. 

In  the  preceding  chapter,  we  have  described  the  forma- 
tion of  the  blastodermic  cells  and  the  appearance  of  the 
groove  which  is  subsequently  developed  into  the  neural  ca- 
nal. At  this^  portion  of  the  ovum,  there  is  a  thickening  of 
the  blastoderm,  which  then  presents  three  layers,  the  middle 
layer,  the  thickest  and  most  important,  being  developed  from 
the  opposite  surfaces  of  the  external  and  the  internal  layer,* 
We  have  U>  8tudy,r  then,  the  changes  which  take  place  in 

>  8e«  page  860. 
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three  layers  of  cells,  which  we  shall  call  the  external,  tb#  in? 
tenneiliate,  and  the  internal  blastodermic  membraaeat  The 
earliest  gtages  of  development  have  been  studied  almoet  er- 
duaively  in  the  chick,  and  the  processes  here  obeenred  cannot 
be  assumed  to  represent  exactly  the  mode  of  development  of 
the  hnman  subject.  For  this  reason,  we  feel  justified  in 
adopting  the  simplest  division  of  layers,  which  is  into  tl 
and  shidl  not  attempt  to  follow  the  exee4^sively  minute  deH 
scriptions  of  the  early  arrangement  of  cells,  given  by  some 
recent  observers, 

A  general  idea  of  the  development  of  certain  of  the  im- 
portant parts  of  the  embryon  will  aid  us  in  comprehending 
the  more  minute  processes  and  the  formation  of  special  or- 
gans ;  and  this  we  can  give  without  reference  to  the  various 
divisions  of  the  blastodermic  layers  adopted  by  different 
writers.  It  makes  very  little  difference,  indeed,  as  regards 
our  actual  knowledge  of  development,  whether  we  restrict 
the  external  blastodermic  membrane  to  the  development  of 
the  epidermis,  or  whether  we  assimie  that  a  portion  of  it 
forms  the  walls  of  the  neural  canaL  In  the  latter  (^ae,  we 
simply  make  a  thicker  external  layer  at  the  expense  of  a  por- 
tion of  the  intermediate  layer.  It  is  the  tiiscussion  of  such 
minor  points  as  this,  which  depend  mainly  upon  observations 
made  upon  the  chick,  that  we  propose  to  avoid,  in  our  en- 
deavor to  make  the  description  of  the  first  processes  of  deveU 
opment  as  simple  as  possible. 

TfTe  may  assume  that  the  furrow  for  the  spinal  canal  and 
its  dilated  superior  portion,  the  head,  have  been  closed  over  by 
the  union  of  the  dorsal,  or  medullary  plates  behind.  At  a 
later  period,  there  has  been  a  growth  of  the  abdominal,  or 
visceral  plates,  which  finally  close  over  the  front  of  the  em- 
bryon. Now,  to  adopt,  with  slight  modifications,  a  simile 
given  by  Hermann,*  we  may  imagine  a  young  mammal,  with 
a  short,  straight  alimentary  canal,  taking  no  account,  for  the 
present,  of  its  glandular  appendages.  We  take  the  entire 
1  HEBiom,  Ofwyim  dgr  J'hjfmckffU!,  Bertin,  1870,  a  4d». 
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body  as  a  tube,  ti[\e  caliber  of  which  is  the  alinientary  canal, 
with  walls  formed  of  concentric  layers*  Counting  these  lay- 
ers from  within  outward,  we  have  first,  the  mucous  mem- 
brane ;  next,  the  muscular  coat  of  the  intestine ;  then,  the 
Tificeral  serous  membrane,  the  parietal  serous  membrane,  the 
muscles  of  the  tnmJc  with  the  bones;  and  finally,  the  integu- 
ment. All  of  these  layers  are  developed,  to  a  greater  or  less 
degree,  simxiltaneoiiBly,  from  diiierent  layers  of  the  blasto- 
dermic cells.  "With  the  view  that  we  shall  adopt,  the  exter- 
nal blastodermic  membrane  becomes  the  epidermis,  and  the 
internal  blastodermic  membrane,  the  epitheliimi  of  the  ali- 
mentaiy  canaL  The  intermediate  membrane  splits  into  two 
layers,  the  outer  layer  becoming  attached  to  the  external 
blastodermic  nieml>rane  and  forming  the  musculai*  hiyer  of 
the  trunk,  while  the  iimer  layer  is  connected  with  the  inter- 
nal blastodermic  membrane  aud  contributes  to  the  formation 
of  the  \^era.  At  a  later  period,  the  exti^eniities  are  devel- 
oped, as  solid  processes  connected  with  the  outer  layer  of  the 
intermediate  membrane,  and  covered  by  a  prolongation  of 
the  external  blastodermic  membrane. 


J)eveIopnient  of  the  Cavities  and  Zayers  of  the  Trunh  in 
the  C-hich — As  an  introduction  to  a  deecription  of  the  devel- 
opment of  special  organs  in  the  human  subject  and  in  mam- 
mals, it  will  be  fomid  very  useful  to  study  the  first  stages  of 
development  in  the  chick,  by  which  we  can  get  an  idea  of 
tlie  arrangement  of  the  different  blastodermic  layers,  and  the 
way  in  which  they  are  developed  into  the  different  parts  of 
the  trunk,  with  the  mode  of  formation  of  the  great  cavi- 
ties. In  doing  this,  we  shall  endeavor  to  describe  the  figures 
given  by  Briicke,  which  were  photographed  on  wood  fi'om 
large  diagrams,  made  from  actual  preparations,  by  Sebotk* 
In  this  description,  we  shall  take  no  account  of  the  f  orimv 
tion  of  the  membranes. 

Fig.  37  illustrates  one  of  the  earliest  stages  of  develop- 

I  BbI^cke,  Vorletmgm  i^iber  Ph^Mogk,  Wien,  1S73,  Bd.  U.,  S.  276. 
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ment  in  the  chick.  In  this  figure,  the  superior  layer  of  dark 
cells  (J)  represents  the  external  blaetodennic  membrane.  The 
inferior  layer  of  dark  cells  (d)  represents  the  internal  blasto- 
dermic membrane.  The  middle  layer  of  lighter  celk  i&  the 
intermediate  membrane,  which,  toward  the  periphery,  is  split 

Fto.  BT. 


into  two  layers.  This  Hgure  represents  a  transverse  section* 
At  Qy  is  a  transverse  section  of  the  groove  which  is  subse- 
quently developed  into  the  canal  for  the  spinal  cord.  Be- 
neath this  groove,  is  a  section  of  a  rounded  cord  (tf),  the 
chorda  dorsalis.  The  openings  ({/)  represent  the  situation  of 
the  two  aortae.  The  other  cavities  are  as  yet  indistinct  in 
this  figure, 

fla.8S. 


,\-  •  ;   '  .^  .■...-»  '  "-;,    ^_   - : 


Fig,  38  shows  the  same  structures  at  a  more  advanced 
stage  of  development.  The  dorsiil,  or  vertebral  plates  which 
bound  the  furrow  {a)  in  Fig.  37,  are  closed  above,  and  in- 
clude (a)  the  neural  canal.  Tht*  chorda  dorealis  {e)  is  sepa- 
rated from  the  cells  surrounding  it  in  Fig.  37.    We  have  ^iU 
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tlie  external  blastodermic  membrane  (J)  and  the  internal  blas- 
todermic membrane  (rf),  presenting  various  cm-ves  whiuli  fol- 
low  the  arrangement  of  the  cells  of  the  intermediate  layer. 
By  the  sides  of  the  boimdaries  of  the  neural  canal,  are  two 
distinct  masses  of  cells  (e),  which  are  developed  into  the  ver- 
tebra?. Outside  of  these  masses  of  cells,  are  two  smaller  col- 
lections of  cells,  af  ter\i-ard  developed  into  the  Wolffian  bodies, 
which  will  lie  described  farther  on.  Beneath  these  two 
masses,  are  two  large  cavities  (g)y  the  largest  cavities  shown 
in  Fig.  38,  presenting 
an  irregnlar  form,  which  Fta^aa, 

are  sections  of  the  two 
primitive  aortae.  The 
two  openings  (A)  become 
af  ten\*ard  t)ie  plem-o-pe- 
ritoneal  cavity. 

In  Fig,  39,  the  parts 
are  still  farther  devel-  *'~*7f4BBIKJPi^BHnHK%-»7 
oped.  The  neural  canal 
is  represented  {a)  nearly 
the  same  as  in  Fig,  38, 
with  the  chorda  dorsalia  ^^^^^ 

{e)  just  beneath  it     A  ^ 

groove,  or  gutter  id)  has 

been  formed  in  front,  which  is  the  groove  of  the  intes- 
tinal canah  This  remains  open  at  this  time,  and  is  lined 
by  the  internal  blastodermic  membrane.  Just  alx»ve  d,  is 
a  single  opening  f^),  which  is  formed  by  the  union  of  the 
two  openings  (y)  in  Figs.  37  and  38,  and  this  is  the  abdomi- 
nal  aorta,  which  has  here  become  single.  The  two  openings 
(A)  represent  a  section  of  tlie  pleuro-perit^neal  t^avity.  The 
outer  wall  of  this  cavity  is  the  outer  visceral  plate,  which  is 
developed  into  the  mum?ular  walla  of  the  abdomen.  The 
lower  and  inner  wall  is  the  inner  visceral  plate,  which  fonns 
the  main  portion  of  the  intestinal  wall.  The  outer  wall  is 
the  outer  layer  of  the  intermediate  membrane,  and  the  inueir 
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wall  is  tLe  inner  layer  of  tlie  same  merabrane.    The  two 
round  orifices  (i)  are  sections  of  the  Wolffian  ducts.' 

The  figures  we  have  just  described,  it  must  be  borne  in 
mindj  represient  transverse  sections  of  the  body  of  the  chick, 
made  through  the  middle  portion  of  the  abdomen.  In  our 
explanations  of  these  figures,  we  have  not  adhered  absolutely 
to  the  text  of  Briicke,  but  have  made  use  of  the  very  elegant 
gemi-diagrammatic  illustrations  by  Waldeyer,  whose  explana- 
tions are  remarkably  clear  and  satisfactory.'  Our  explana- 
tions, however,  particularly  those  of  Fig.  39^  are  sufficiently 
extended  to  enable  ns  to  study  the  development  of  special 
organs.  The  posterior  parts,  it  is  seen,  are  developed  first, 
the  situation  of  the  vertebral  column  being  marked  soon  after 
the  enclosure  of  the  neural  canal  by  the  vertebral  plates; 
andj  at  about  the  same  time,  the  two  aortje  make  their  ap- 
pearance, with  the  first  traces  of  the  pleuro-peritoneal  ca^nty. 
The  next  organs  m  the  order  of  development,  after  the  vas- 
cular system,  are  the  Wolffian  bodies,  which  are  so  large  and 
important  in  the  early  life  of  the  embrj^on.  The  intestinal 
canal  is  then  a  simple  groove,  and  the  embryon  is  entirely 
open  in  front*  Were  we  now  to  follow  the  process  of  devel- 
opment farther,  we  should  see  that  the  visceral  platas  advance 
and  close  over  the  abdominal  cavity,  as  the  medullary  plates 
have  closed  over  the  neural  canal.  Thus  there  would  be  fonned 
a  closed  tube,  the  intestine,  lined  by  the  thin,  internal  blasto- 


'  A  Cftrefal  study  of  the  process  of  development  in  the  chick,  as  described  hj 
Relchert,  an  account  which  h  still  followed  by  some  recent  writers  of  authority 
(tiO?iOET,  Traiti  de  pht^ohtgit^  Fftris^  1861>,  tome  Ui,,  p.  %B(\  ft  geq.)^  shows  that 
the  dimion  of  the  blastodermic  layers  which  wc  ha^e  adopte<l,  na  the  one  most 
nearly  in  accordance  with  the  latest  and  most  reliable  obsenrations,  dlflers  very 
little,  in  its  essential  features^  from  that  proposed  by  this  eminent  German  em- 
bryologiat.  Reichert  accurately  described  the  intermediate  mcnibrane,  from 
which  the  greatest  part  of  the  embryon  is  developed,  and  regarded  what  we  have 
termed  thS  external  and  the  internal  blastodermic  layers  as  of  comparatively 
little  imporfance.  (RsicnniT,  Dqb  Sttt»ickchtni;f«lrhm  im  mrhdthier-Jim^ 
Berlin,  IStO,  S.  U%  et  icq.) 

>  WALDXYiKt  Eierthck  und  Ei^  ^V^ig^  l^^O^  Ta€  it. 
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dermic  membrane,  the  walls  of  the  intestine  being  fonned  of 
the  inner  layer  of  the  intermediate  membrane.  This  wonld 
bring  the  external  layer  of  the  intermediate  membrane 
around  the  intestine  to  form  the  muisenlar  walls  of  the  ab- 
domen, the  cavity  (Fig*  SU,  k)  being  the  peritoneal  cavity, 
and  the  external  covering  being  the  external  blastodennic 
membrane.  At  this  time,  the  great  Wolffian  bodies  lie  next 
the  spinal  column,  between  the  intestine  and  the  abdominal 
walls,  mth  the  single  abdominal  aorta  situated  behind  the  in- 
testine. 

Development  of  tfte  iSkekton,  Muscular  System^  mid  Skin. 

ChordiZ  DorsiUu. — One  of  the  earliest  structures  observed 
in  the  developing  embryon  is  the  chorda  doiisalis.  This  is  sit- 
uated beneath  the  neural  canal,  and  extends  the  entire  length 
of  the  body.  It  is  formed  of  a  cor^i  of  simple  cells,  and  marks 
the  situation  of  the  vertebral  column,  though  itself  it  is  not 
developed  into  the  vertebra?,  wliich  giTjw  around  it  and  en- 
croach upon  its  substance,  until  it  finally  disappears.  This 
structure  has  been  very  minutely  described  by  Eobin,  under 
the  name  of  the  notocorde.  According  to  Bobiu,  in  many 
mammals,  the  notocorde  presents  a  slight  enlargement  at  the 
cephalic  extremity,  which  extends  to  the  auditory  vesicles,  and 
it  is  somewhat  diminished  in  size  at  the  C4iudal  extremity,* 
By  the  sides  of  this  cord,  are  the  masses  of  c^lls  which  are 
eventually  developed  into  the  vertebne.  The  vertebrse,  ba 
they  are  develojied,  are  formed  of  teraporarj'  eartilaginoufl 
structure,  gradually  extending  around  the  chorda  dorsalis, 
which  then  occupies  the  axis  of  the  spinal  column.  Between 
the  bodies  of  the  vertebra?,  the  chorda  dorsalis  presents  reg- 
ular enlargements,  surrounded  by  a  delicate  membrane.  As 
ossification  of  the  spinal  column  advances,  that  portion  of  the 
chorda  dorsalis  which  is  surrounded  by  the  bodies  of  the  ver- 
tebrae disappears,  leaving  the  enlargements  between  the  ver- 
tebrse  distinct.    TTiese  enlargements,  which  are  not  perma- 

*  HoBix,  JUmoire  tur  PtvoltUion  di  la  notocorde.  Pari  a,  ISdS,  p.  3. 
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to  the  twelfth  year.*     The  proceseee  of  development  just  de- 
Bcribed  are  represented  in  Fig-  40. 

Vertebral  Column,  Me, — In  Fig.  38  and  39  {c\  are  seen  the 
two  masses  of  cells,  situated  by  the  sides  of  the  neural  canal, 
which  are  destined  to  be  developed  into  the  vertebne.  These 
cells  extend  aronod  and  encroach  upon  the  chorda  doi-ifiahs, 
and  form  the  bodies  of  the  vertebrte.  They  also  extend 
over  the  neural  canal,  closing  above,  and  these  processes  are 
called  the  medullary,  or  dorsal  plates.  Sometimes  the  dorsal 
plates  fail  to  close  at  a  certain 
point  in  the  spinal  column,  and 
this  constitutes  the  malformation 
known  as  spina  bifida.  From  the 
sides  of  the  bodies  of  the  ver- 
tebrae, the  various  processes  of 
these  bones  are  formed.  As  the 
spinal  column  is  developed,  its 
lower  portion  presents  a  projec- 
tion beyond  the  pelvis,  which 
constitutes  a  temporary  cautlal 
appendage,  curved  toward  the 
abdomen;  but  this  no  longer 
projects  after  the  bones  of  the 
pelvis  are  fully  developed.  At 
the  same  time,  the  entire  verte- 
bral column  is  curs^ed  toward  the  abdomen,  and  it  is  twisted 
upon  its  axis  from  left  to  right,  so  that  the  anterior  face  of 
the  pelvis  presents  a  right  angle  to  the  upper  part  of  the 
body  ;  but,  as  the  inferior  extremities  and  the  pelvis  become 
developed,  the  spine  becomes  straight.  The  vertebne  make 
their  ai>pearance  first  in  the  middle  of  the  dorsal  region,  from 
which  ix)int,  they  rapidly  extend  upward  and  downward,  until 
the  spinal  colunm  is  complete* 

At  the  base  of  the  skull,  on  either  side  of  the  superior 
^  RoBiNf  Mimoire  aur  fholwtum  de  la  notoc^rdey  Piria,  ISOS,  p.  10« 
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prolongation  of  the  chorda  dorsal^  are  two  cartiiaginoiis 
procesfies,  which  are  developed  into  the  so-called  cranial  ver- 
tebne.  In  this  cartilaginous  mass,  three  ossific  points  ap- 
pear, one  behind  the  other.  The  posterior  point  of  ot^sifica- 
tion  18  for  the  basilar  portion  of  the  occipital  bone,  which  ia 
developed  in  the  same  way  as  one  of  the  vertebne ;  the  nud* 
die  point  is  for  the  poet^rior  portion  of  the  ephenoid ;  and  the 
anterior  point  is  for  the  anterior  portion  of  the  isphenoid. 
The  frontal  bone,  the  parietal  bone,  the  temporal  bone,  and 
a  portion  of  the  occipital  bone  are  developed  from  the 
connective  tiflsue,  without  the  intervention  of  preexisting 
cartilaginous  structure.  The  development  of  the  face  will 
be  described  separately.  At  the  time  when  the  vertebrse 
are  being  developed,  \iith  their  laminae  and  their  spinous 
and  transverse  processes,  the  ribs  extend  over  the  thorax, 
and  the  clavicle^  scapula^  and  sternum  make  their  appear- 
ance. 

At  about  the  beginning  of  the  second  month,  four  papD* 
lary  prominences,  which  are  the  first  traces  of  the  arms  and 
legs,  appear  on  the  body  of  the  enibryon.  These  progreas- 
ively  increase  in  length,  the  arms  appearing  near  the  middle 
of  the  embryon,  and  the  legs,  at  the  lower  portion.  Each  ex- 
tremity is  divided  into  three  portions,  the  ann,  foi'earm,  and 
band,  for  the  upper  extremities,  and  the  thigh,  leg,  and  foot, 
for  the  lower  extremities.  At  the  end  of  each  extremity, 
there  are,  finally,  divisions  into  the  fingers  and  toes,  with  the 
various  cartilages  and  bones  of  all  of  these  parts,  and  their 
articulations. 

Very  early  in  intra-uterine  life,  the  skeleton,  which  is  at 
first  entirely  cartilaginous,  begins  to  ossify,  from  little  bony 
points  which  appear  in  the  cartilaginous  structure.  The  first 
points  appear  at  nearly  the  same  time  (about  the  beginning  of 
the  second  month)  in  the  clavicle  and  the  upper  and  the  lower 
jaw.  Similar  ossific  points,  which  gradually  extend,  are  alao 
seen  in  other  parts,  the  hea4l,  rilts,  pelvis,  scapula,  metacarpus 
and  metatarsus,  and  the  phalanges  of  the  fingers  and  toes.   At 
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birtli,  tlie  carpua  is  entirely  cartilaginous  and  does  not  begin 
to  ossify  until  the  second  year ;  and  the  same  is  true  of  the 
targuflj  except  the  calcaneum  and  astragalna,  whieb  ossify  juat 
before  birth.  The  pisiform  bone  of  the  carpus  is  the  last 
to  take  on  osseous  transformation,  this  occurring  at  from  the 
twelfth  to  the  fifteenth  year,'  Ab  ossification  progresses,  the 
deposits  in  the  various  ossifie  points  gradually  extend  until 
they  reach  the  joints,  which  reinain  incrusted  with  the  per- 
manent articular  cartilage, 

Willie  the  skeleton  is  being  thus  developed,  the  muscles 
are  formed  from  the  outer  layer  of  the  intermediate  blasto- 
dermic membrane,  and  the  visceral  plates  close  over  tlie  tho- 
rax and  abdomen  in  front,  leaving  an  opening  for  the  mn- 
biUcal  cord.  According  to  Burdach,  the  various  tissues  of 
the  external  parte,  particularly  the  muscles,  begin  to  be  dis- 
tinct at  the  end  of  the  second  month/  The  deep  layers  of 
the  domd  muscles  are  the  first  to  be  distinguished  ;  then,  suc- 
cessively, the  long  muscles  of  the  neck,  the  anterior  straight 
muscles  of  the  head,  the  straight  and  transverse  muscles  of 
the  abdomen,  the  muscles  of  the  extremities,  the  superficial 
muscles  of  the  back,  the  oblique  muscles  of  the  abdomen, 
and  the  muscles  of  the  face. 

The  skin  appears  at  about  the  beginning  of  the  second 
month,  when  it  is  very  delicate  and  transparent.  At  the  end 
of  the  second  month,  the  epidermis  may  be  distinguished. 
The  sebaceous  follicles  are  developed  at  the  third  month; 
•  and,  at  about  the  fifth  month,  the  surface  is  covered  with 
their  secretion  mixed  with  desquamated  epitheHum.  This 
cheesy  substance  constitutes  the  vemLx  caeeosa.'  At  the 
third  month,  the  nails  make  their  appearance,  and  the  hairs 
begin  to  grow  at  about  the  fifth  month/  The  sudoriparous 
glands  first  appejir  at  about  the  fifth  month,  by  the  formation 
of  flask-like  processes  of  the  true  skin,  which  are  gradually 

*  DjxTOJf,  Human  PAtfiioioffy,  FhiliidelphK  1871,  p.  602. 

*  BuRDAca,  Traifi  de  phytnoiwjie^  Parla,  1888,  tome  iii.,  p.  410. 

*  See  ToL  iiL,  Secretion,  p.  67.  *  BuhdaCh,  op.  ci/,,  p,  404»  ei  i*^. 
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eloTigate*i  and  convoluted,  until  they  are  fully  developed  only 

a  short  time  before  birth*' 

Deoelopmeni  of  the  Ifervawf  System, 

We  have  seen,  in  studying  the  development  of  the  spmal 
column,  how  the  dorsal,  or  medullary  pktes  close  over  the 
groove  for  the  neural  canaL  In  the  interior  of  this  csiuil, 
the  cerebro-spinal  axis  is  developed,  by  cells,  whieli  gndtmUy 
encroach  upon  itd  caliber,  until  we  have  remaining  only  the 
email  central  canal  of  the  spinal  cord,  communicating  with 
the  ventricles  of  the  brain.  As  the  nervous  tissue  is  devel- 
oped in  the  interior  of  this  canal,  there  is  a  separation  of  the 
histological  elements  at  the  surface,  to  form  the  membranes* 
The  durs  mater  and  the  pia  mater  are  formed  first,  appesr- 
bg  at  about  the  end  of  the  second  month,  while  the  arach- 
noid is  not  distinct  until  the  fifth  month/  The  nerves,  ao* 
cording  to  Longet,  are  not  produced  as  prolongations  from 
the  cord  into  the  various  tissues,  nor  do  they  extend  from 
the  tissues  to  the  cord ;  but  they  are  developed,  in  each  tia* 
sue,  by  a  separation  of  histological  e1  from  tlie  cells 

of  which  the  parts  are  originally  coi  :.  wUicli  at  first 

appear  to  be  identical  in  their  morphologieal  characters.' 
The  nerves  of  the  sjrmpathetic  system  are  developed  in  the 
same  way. 

The  mode  of  development  of  the  spinal  cord  is  thus  suffi- 
ciently simple ;  but,  with  the  growth  of  the  embryon,  we  ob- 
serve dilatations  at  the  superior  and  at  the  inferior  extremi- 
ties of  the  neural  canaL  The  cord  is  uniform  in  size  in  the 
dorsal  region,  marked  only  by  the  regular  enlargements  at 
the  sites  of  origin  of  the  spinal  nerves ;  but  we  soon  observe 
an  ovoid  dilatation  below,  which  fonns  the  lumbar  enlarge- 
ment, from  which  the  nerves  are  given  off  to  the  inferior  ex- 

1  Bitst^DCTKi,  in  SrmiCEiK,  Maxmal  of  fftmmn  «mtl  ComparaHve  Mi^^lc^ 
The  New  Sydeaham  Society,  Londotk^  1874»  voL  il,  p.  HO, 

*  LonoEr,  TrfM  dtphf$wloffU,  Paris^  18e9,  toin«  lit,  p»  SM. 
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tremities,  and  the  brachial  enkrgeinent  above,  where  the 
nerves  of  the  superior  extremities  take  their  origin.  At  the 
same  time,  there  is  a  more  marked  dilatation  of  the  canal  at 
its  cephalic  extremity.  Here,  a  single  enlargement  appears, 
which  is  soon  divided  int<»  three  vesicles,  called  the  anterior, 
middle,  and  posterior  cerebral  vesicles.  These  become  more 
and  more  distinct  as  development  advances.  The  formation  of 
these  parts  is  illustrated  in  Fig,  42,  taken  from  Wagner,  and 
made  more  distinct  by  Longet,  as  they  are  drawn  upon  a 


iTlt*f'  '  i:f  hoiifsiiftM-  irs  after:  C,tbe  miM, 

■»•!  1  *ta|r©,    t ,  1  n.i' ;  (f,  «iit«rtor  dfUta- 

tk«  -  tl  ean«I;  f*,  ]<■  -  rn«*nl);  1.  2,  8.  inle- 

rlor.  ati-iMiv.  ana  inferior  c*f*brai  vt-slck's:  *;.  hIIcIU  itaiti-nirnr  ni  the  anterior  ccrwh™!  Turi- 

black  ground.  This  figiire,  in  C,  shows  the  projections,  on 
either  side,  of  the  vesicles  which  are  eventually  developed 
into  the  nervous  portions  of  the  organ  of  vision. 

The  three  cerebral  vesicles  now  undergo  farther  changes. 
The  superior,  which  we  may  call  the  first  primitive  vesicle, 
enumerating  them  from  above  downward,  is  soon  divided 
into  two  secondary  vesicles,  the  anterior  of  which  becomes 
the  cerebral  hemispheres,  and  the  posterior,  the  optic  thalarai, 
which  are  eventually  covered,  by  the  greater  relative  develop- 
150 
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ment  of  the  hemispheres.  The  middle,  or  fieoond  primitive  ' 
veeicle,  does  not  undergo  division^  and  is  developed  into  the 
tubercula  qnadrigemma,  or  centres  of  vision*  The  posterior, 
or  third  primitive  vesicle,  is  divided  into  two  seeondAry  v€ 
eles,  the  anterior  of  which  becomes  the  cerebellum,  and 
posterior,  which  is  covered  by  the  anterior,  the  medulla  ob- 
longata and  the  pons  Varolii.  While  this  division  of  the 
primitive  cerebral  vesicles  is  going  on,  the  entire  chain  of 
encephalic  ganglia  becomes  curved  from  behind  forward^ 


l-^o  43. 


A,  bmliiuid  Milna]  mns  '^  r.U  ^ivw, 

B,  Uie  Munt.  mjiii  lift  <  II  jopiuint:  K  f^^al  cord;  <f, ocliitp- 
meot  of  the  uplnal  <^>ri  ^^  .  i\  rcreltelluni ;  <v  tiaberciiii  qudvl* 
gmnbtAi/,  oprk  tliAlninu? 

C;  hnin  and  iplod  cnrtl  of  an  <  i  :  'a  f  plnal  cord ;  </.  rii1uir^iii«1lt  of  tiM 

ftptnaj cowt  «ith  iti  uitrrior  rurvutun- :  .-,  r. nUlliim;  «,  tnbcrcaJA  qaadTlgcmbia;  0, 6ir»> 
Im  bemlap<liMie»,*  a,  of»tki  nerrc  of  the  Mt  iide. 

C%  tbfl  ume  f<irU  In  ■  vcrtt«7n1  iwrtfnn  tn  Tho  irtriliaii  ll]i«  from  belbre  badtward;  h,  nuembnam 
of  tlM  nitmil  cord  turi  '■  •  urratiire  of  the  vpp^r  [KirtiO(&  of  tbe  9fAm^  ' 

card,  wbflcl)  baa  beet*!  ^r^  tbe  pcdoiMl^  of  tb<'  ccrt^bnim;  «,  tuber^' 

cnla  qtUMlrigvnilna ;  r  by  tb«  bamtopberviL    ^Lomuet,  T^-iltftf  «lr 

ph^oiogit^  Parlf,  lb>r4l,  Ui^cno  Ul^  {•.  !^Vtf. Jf 

forming  three  prominent  angles.  The  first  of  these  angles  J 
or  prominences  (tf,  Fig.  43,  A,  B,  C),  counting  from  before 
backward,  is  formed  by  a  projection  of  the  tubercula  quadri- 
gemina,  which,  at  this  time,  constitute  the  most  projecting 
jx)rtion  of  the  encephalic  mass ;  the  second  prominence  (c. 
Fig,  43),  situated  behind  the  tubercula  quadrigemina,  is 
formed  by  the  projection  of  the  cerebellum ;  the  third  (rf. 
Fig.  43,  A,  B,  (.^)y  is  the  bend  of  the  superior  portion  of  the 
spinal  cord.  These  projections  and  the  earl  v  formation  of 
certain  parts  of  the  encephalon  in  the  human  sul>ject  are  il- 
lustrated in  Fig.  43,  taken  from  Tiedemann  by  Longet- 
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The  cerebmni,  as  we  have  just  seen,  is  developed  from 
the  anterior  division  of  the  first  primitive  cerebral  vesi- 
cle. The  development  of  this  part  is  more  rapid  in  its  lat- 
eral portions  than  in  the  median  line,  which  divides  the  cei*e- 
brum  imperfectly  into  two  lateral  lialves,  forming,  in  this 
way,  the  great  longitudinal  fissure.  At  the  same  time,  by  the 
rapid  development  of  the  posterior  portion,  it  extends  over 
the  optic  thalami,  the  corpora  qnadngemina,  and  the  c-erebel- 
limu  Up  to  the  end  of  the  fourth  month,  the  hemisphere© 
are  smooth  on  their  surface ;  but  they  then  begin  to  present 
large  depressions,  following  folds  of  the  pia  mater,  which  are 
the  first  convolutions,  these  increasing  i*apidly  in  number  and 
complexity,  especially  after  the  seventh  month.*  The  sep- 
tum lucidnm  is  then  formed  by  an  elevation  of  nervous  mat- 
ter from  the  base,  which  divides  the  lower  portion  of  the 
space  left  between  the  hemispheres  as  they  ascend,  and  forms 
the  two  lateral  ventricles.  At  the  base  of  these,  are  devel- 
oped the  corpora  striata.  The  septum  lucidum  is  formed  of 
two  laminkB,  with  a  small  space  between  them,  which  is  the 
cavity  of  the  fifth  ventricle.  The  posterior  division  of  this 
first  primitive  vesicle  forms  the  optic  thalami.  These  become 
separated  in  front  into  two  lateral  halves,  but  they  remain 
connected  together  at  their  posterior  port  ion, -which  becomes 
the  posterior  commissure.  The  central  canal  of  the  cord  is 
prolonged  upward  between  the  optic  thalami,  and  forms  the 
third  ventricle,  which  is  covered  by  the  hemispheres. 

The  second,  or  middle  cerebral  vesicle  becomes  filled 
with  medullary  substance,  extends  upward,  and  forms  the 
I>eduncles  of  the  cerebrum,  the  upper  portion  being  di\^ded 
to  form  tlie  tubercula  quadrigemina. 

The  anterior  portion  of  the  third  primitive  vesicle  is  de- 
veloped into  the  cereliellum,  the  convolutions  of  which  ap- 
pear at  about  the  fifth  month.  Its  posterior  portion  forms 
the  medidla  olilongata,  in  the  substance  of  which  is  the  fourth 
ventricle,  communicating  with  the  third  ventricle  by  a  little 

1  Lo50ST,  Traiii  d«  phynolo^^  P«m,  1S69,  tome  til,  p,  8dl. 
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canal  J  the  aqueduct  of  Sylvius,  which  is  left  in  the  develop- 
ment of  the  middle  vesicle.  At  about  the  fourth  months 
thei*e  is  a  deposition  of  nervous  matter  in  front  and  above, 
forming  the  pons  Varolii/ 

In  Fig.  42  (C,  o),  it  is  seen  that  the  vesicles  for  the  organAj 
of  vision  appear  very  early,  as  lateral  ofifshoots  of  the  anterior 
eerebml  vesicle.    These  gradually  increase  in  size  and  ad- 
vance  anteriorly,  as  development  of  the  other  parts  progr 
We  shall  see,  when  we  come  to  study  the  development  of  tlif 
face,  that  the  eyes  are  situated  at  first  at  the  sides  of  the 
head,  graduAlIy  approaching  the  anterior  portion.     At  the 
extremity  of  eieh  of  these  lateral  prolongations,  a  rounded 
mass  appears,  which  becomes  the  globe  of  the  eye.     The  ei] 
perfieial  portions  of  the  globe  are  developed  into  the  sdc 
rotic  and  the  cornea,  which  seem  to  be  foiTued  of  a  proocflfll 
from  the  dura  mater.     The  pedicle  attached  to  the  globe  be- 
comes the  optic  nerve.     The  iris  is  developed  at  about  thaJ 
seventh  week,  and  is  at  tirst  a  eimple  membrane^  without! 
any  central  opening.    As  the  pupil  appears,  it  is  closed  by  a 
vascular  membrane,  which  probably  belongs  to  the  capsule  of 
the  crystalline  lens,  and  is  called  the  pupillary  membrane. 
This  membrane  gradually  disappears  by  an  atrophy  extending  J 
from  the  centre  to  the  j>eriphery.    It  attains  its  maximum  of 
development  at  the  sixth  month,  and  disappears  at  the  seventh 
month.     The  vitreous  luimor  is  fonned  of  the  fluid  contents 
of  the  optic  vesicle.    The  crystalline  lens  is  regarded  ae  a 
product  of  the  tegumentary  layer.    At  the  tenth  week,  we 
observe  the  beginning  of  the  formation  of  the  eyelids.   These 
meet  at  about  the  fourth  month  and  adhere  together  by  their 
edges.*     In  many  mammals,  the  eyelids  remain  closed  for  a 
few  days  after  birth ;  but  they  become  separated  in  the  hu- 
man fiuhject  in  the  later  periods  of  foetal  life. 

It  is  probable  that  the  vesicle  which  becomes  developed 
into  the  internal  ear  is  formed  independently  ;  at  least,  caaea 

1  LoNocT,  Traits  (U  phifiioiij^t,  Paridf  IS69,  tome  iii.,  p.  808 
*  n>ld.,  p.  896. 
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have  been  observed  in  which  there  was  congenital  absence  of 
the  auditory  nerves,  the  partjs  of  the  internftl  ear  being  per- 
fect. Soon  after  the  formation  of  the  auditory  vesicle,  how- 
ever, it  comnuinicates  with  the  third  primitive  cerebral  vesi- 
cle, the  filament  of  communication  being  developed  into  the 
auditory  nerve. 

The  antlitory  vesicle^  which  appears  subsequently  to  the 
organ  of  vision,  is  eventually  developed  into  the  vestibule. 
The  next  fonnations  are  the  arches,  or  diverticula,  which  con- 
stitute the  semicircolar  canalB,  According  to  Meckel,  the 
membranous  labyrinth  appears  long  before  the  osseous  laby- 
rinth; and  he  has  fomid  it  perfectly  developed  at  three 
monthB.*  The  bones  of  the  middle  eiir,  which  have  no  con- 
nection, in  their  development,  with  the  nervous  system,  but 
which  it  is  convenient  to  mention  here,  are  remarkable  for 
their  early  appearance.  According  to  Meckel,  who  lias  de- 
scribed their  development  very  accmrately,  they  appear  at 
the  beginning  of  the  third  month,  and  are  as  large  in  the 
fretua  at  term  as  in  the  adult.  A  remarkable  anatomical 
point  with  relation  to  these  structures  is  the  existence  of 
a  cartilage,  attached  to  the  malleus  on  each  side  and  ex- 
tending from  this  bone  along  the  inner  surface  of  the  lower 
jaw,  the  two  cartilages  meeting  and  uniting  in  the  median 
line  to  form  a  single  cord.  *'  Tliis  cartilage  now  ossifies,  al- 
though, in  the  commencement,  it  forms  most  of  the  mass  of 
the  bone ;  it  disapj>ear8  at  the  eighth  month/'  *  This  curious 
structure  has  been  very  elaborately  described  by  Kobin  and 
Magitot,  and  is  known  as  the  cartilage  of  Meckel.' 

There  are  no  si>ecial  points  for  description  in  the  develop- 
ment of  the  olfactory  lobes,  which  is  very  simple.  These 
are  offshoots  from  the  first  cerebral  vesicle,  appearing  at  the 
inferior  and  anterior  part  of  the  cerebral  hemispheres,  a  little 

*  MtcKKt^  MtiMual  of  OmtHilf  Bmer^piwi^  and  J^Uhokffieal  Anaiomif,  Pbik- 
delpbitt,  1682,  rvL  liL,  p.  137, 

*  MEtntKL,  lf>c.  cit, 

'  Robin  et  Mik&rroTf  Mhn&ir€  tvr  la  gmht  €t  h  dM/oppemmi  dm  /oiliadm 
dmiairm. — Jbumtd  de  la  ph^oh^y  Pftiia,  1S60,  t4>nie  iii,  p.  16,  ti  teq. 
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later  than  the  parts  connected  with  vision  and  audition.  The 
vesicles  themselves  become  filled  with  ganglionic  matter,  and 
constitute  the  olfactory  bulbs,  their  pedicles  being  the  so- 
called  olfactory  nerves,  or  commissures. 

As  far  as  the  functions  of  the  nervous  system  of  the 
foetus  are  concerned,  it  is  probable  that  they  are  mainly  re- 
stricted to  reflex  phenomena  depending  upon  the  action  of 
the  spinal  cord,  and  that  perception  and  volition  hardly 
exist.  It  is  probable  that  many  reflex  movements  take 
place  in  utero.  When  a  foetus  is  removed  from  the  uterus  of 
an  animal,  even  during  the  early  periods  of  pregnancy,  move- 
ments of  respiration  occur,  a  fact  which  we  have  often  de- 
monstrated to  medical  classes ;  and  it  is  well  known  that  ef- 
forts of  respiration  sometimes  occur  within  the  uterus.  This 
we  believe  to  be  a  reflex  action  excited  by  the  want  of  oxy- 
gen in  the  tissues,  when  the  placental  circulation  is  inter- 
rupted. TTe  have  already  discussed  these  phenomena  in  an- 
otlier  volume.' 

*  See  vol.  i.,  Respiration,  p.  487. 
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DKVELOPMEJTT   OP  THE   ALIMENTAKY   SYSTEM,  THE  EESPIEATORY 
SYSTEM,   AXD  THE  FACE, 

FiFBl  sppcuriLnee  of  the  intestiuttl  catial — Formntion  of  the  nieaentery — ^FonoA^ 
tioii  of  the  fltomauh — Development  of  the  krge  hite«tine — Appearance  of 
the  iiueslinal  rilli— Formation  of  the  phiiryni  and  ti?BOphftgaB— Derelop- 
mcat  of  the  anus — ^The  liver,  pancreuft,  and  spleen — Development  of  the 
re^pinitorj  sjetcm — Dcvetopment  of  the  face — Yiaceral  archce,  and  thdr 
developroent — Malfonnationfl  of  the  face — Development  of  the  teeth. 

The  intestinal  canal  is  the  first  fonnation  of  the  aliment- 
ary SYBtem.  As  we  have  seen  in  Chapter  XVI,,  this  is  at 
first  open  in  the  greatest  part  of  its  extent,  presenting,  at 
either  extremity  of  the  longitudinal  gutter^  in  front  of  the 
spinal  column,  a  rounded,  blind  extremity,  which  is  closed 
over  in  front  for  a  short  distance.  The  closure  of  the  ab- 
dominal plates  then  extends  laterally  and  from  the  two  ex- 
tremities of  the  intestine,  mitil  we  have  only  the  opening  re- 
maining for  the  passage  of  the  umbilical  cord  and  the  pedicle 
of  the  umbilical  vesicle.  There  is  at  first  an  open  communi- 
cation Itetween  the  lower  part  of  the  intestinal  tube  and  the 
allantois,  which  forms  the  canal  known  as  the  urachns ;  but 
that  portion  of  this  communication  wliich  remains  enclosed  in 
the  abdominal  cavity  becomes  separated  from  the  urachns,  is 
dilated,  and  eventually  forms  the  urinary  bladder.  When  the 
bladder  is  first  shut  off,  it  communicates  with  the  lower  por- 
tion of  the  intestine,  which  is  called  the  cloaca ;  but  it  finally 
loses  this  connection,  and  presents  a  special  opening,  the 
urethra. 

As  development  advances,  the  intestine  grows  rapidly  in 
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length  and  becomes  convoluted.  It  is  held  loosely  to  tlie 
spinal  column  by  the  mesenten%  a  fold  of  the  peritoneum, 
this  membrane  being  reflected  along  the  walls  of  the  abdom* 
inal  cavity.    In  the  early  stages  of  development,  a  portion  of 

the  intestine  protrudes  at  the  um- 
bilicus, where  the  tirst  intestinal  con- 
volution  appears ;  and  sometimes 
there  is  a  congenital  heniia  of  this 
kind  at  birth^  which  usually  diaap- 
pears  under  the  influence  of  gentle 
and  continued  pressure.  An  illos- 
tration  of  this  is  given  in  Fig.  44. 
This  protrusion,  in  the  normal  pro- 
cess of  development,  is  graduftUy 
returned  to  the  abdomen,  as  the 
cavity  of  the  pedicle  of  the  una- 
bilieal  vesicle  is  obliterated,  at  about 
the  tenth  week. 

At  the  upper  part  of  the  ab- 
dominal cavity,  the  alimentary  ca- 
nal   presents   two  lateral    projec- 
tions, or  pouches.     The  one  on  the  left  side,  as  it  increaeee  in 
size,  becomes  the  greater  pouch  of  the  stomach  ;  and  the  one 
on  the  right  side,  the  lesser  pouch. 

At  a  short  distance  below  the  attachment  of  the  pedicle  of 
the  umbilical  vesicle  to  the  intestine,  there  appears  a  rounded 
diverticulum,  which  is  eventually  developed  into  tlie  oecmn, 
or  the  commencement  of  the  larger  intestine.  The  c-secnm 
gradually  recedes  from  the  neighborhood  of  the  mnl)iliens, 
which  is  its  original  situation,  and  Anally  becomes  fixed,  by  a 
shortening  of  the  mesentery,  in  the  right  iliac  region.  As  the 
ciecum,  or  caput  coli,  is  develope^b  it  presents  a  conical  append- 
age, which  is  at  first  fully  as  large  as  the  small  intestine,  and 
18  relatively  longer  than  in  the  adult.  During  tlie  fourth 
week,  this  appendage  becomes  smaller  and  more  or  less  twisted, 
forming  the  api>en(Hx  veraiif ormis.  At  the  second  month,  the 


ttrmlDg  ua  ttmblllcal  WrnlA;  troia 
n  gptxrlmon  tn  the  ikmmwsIou  of 
Prof.  Dftlton.  Fttitn  the  ojnvuxlty 
of  the  1rN>J^  n  thin  fibrofiit  is  Ke«a 
paMtnfT  to  tht»  iimbillcnl  vi'slcle, 
which  is  hcrr  Ilatu^<>d  hiu*  ti  lanf- 
llko  rijnii,  t  Daltum.  IJmnnn  Phyn' 
ioU^M,  Pbil&d«lpblm  1S71«  p.  m) 
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Pfeeuin,  or  caput  eoli,aswe  have  seen,  is  at  the  umbilicius,  and 
the  lar^  intestine  extends  in  a  straight  line  toward  the  anus; 
at  the  third  month,  it  is  situated  at  about  the  middle  of  tlie 
abdomen ;  and  it  ^n^dnally  descends,  until  it  reaches  the  right 
ihac  region  at  about  the  seventh  month.  Thus,  at  the  second 
month,  there  k  only  a  descending  colon  ;  the  transverse  colon 
is  formed  at  the  third  month ;  and  the  ascending  colon,  at  the 
fifth  month.  The  ileo-ca*cal  valve  appears  at  the  third  month ; 
the  rectum,  at  the  fourth  month ;  and  the  sigmoid  flexure  of 
the  colon,  at  tlie  fifth  month**  During  this  time,  the  large 
intestine  increases  more  nipidlj  in  diameter  than  the  small 
intestine,  while  the  latter  develops  more  rapidly  in  its  length* 

In  the  early  stages  of  development,  the  surface  of  the  in- 
testines is  smooth  ;  but  ^illi  appear  on  its  mucous  membrane 
during  the  latter  half  of  intra-uterine  existence.  These  arc 
found  at  first  both  in  the  large  and  the  small  intestine.  At 
the  fourth  month,  tliey  become  shorter  and  less  numerous  in 
the  large  intestine^  and  are  lost  at  about  the  eighth  month, 
when  the  projections  which  bound  the  saccidi  of  this  i>ortion 
of  the  intestinal  c^anal  make  their  appearance.  The  valvidse 
conniventes  api)ear,  in  the  form  of  slightly-elevated,  tnms- 
verse  folds,  in  the  upper  portion  of  tlie  small  intestine.*  The 
villi  of  the  small  intestine  are  permanent. 

The  mesentery  is  first  foniied  of  two  perpendicular  folds, 
attached  to  the  sides  of  the  spmal  coluom.  As  the  intestine 
undergoes  development,  a  portion  of  the  peritoneal  mem- 
brane extends  in  a  quadruple  fold  from  the  stomach  to  the 
colon,  to  form  the  great  omentiun,  which  covers  the  small  in- 
testine in  front. 

As  the  head  undergoes  development,  a  large  cavity  ap- 
pears, which  is  eventually  bounded  by  the  arches  that  are 
flestined  to  form  the  different  parts  of  the  face.  This  is  the 
pharynx.  It  is  entirely  independent,  in  its  formation,  of  the 
intestinal  canal,  the  latter  terminating  in  a  blind  extremity  at 

»  BcraDACR,  TraiiS  de phyHa^offie,  Paris,  1888,  tome  JiL,  pp.  476,  477, 
•  Ibid,  p.  470. 
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the  stomach ;  and,  hetween  the  pharynx  and  the  stomach,  there 
is  at  first  no  channel  of  commiuiieation.  The  anterior  por- 
tion of  the  pharynx  presents,  during  the  sixth  week,  a  lai^ 
opening,  which  is  afterward  partially  closed  in  the  formation 
of  the  face.  The  rest  of  tliis  cavity  remains  closed  until 
a  commimication  is  effected  with  the  oesophagus.  The 
(esophagus  appears  in  the  form  of  a  tube,  which  finally 
opens  into  the  pharynx  alK)ve  and  the  stomach  below.  At 
this  time,  there  is  really  no  thoracic  cavity,  the  upper  part  \ 
of  the  stomaeli  is  very  near  the  pharj^nx,  the  oesopliagos  is 
short,  the  rudimentary  lungs  appear  by  its  sides,  and  the  heart 
lies  just  in  front.  As  the  thorax  is  developed,  however,  the 
oesophagus  becomes  longer,  the  lungs  increase  in  size,  and 
finally  the  diaphragm  shuts  off  this  cavity  from  the  cavity  of 
the  aljdomen.  The  growth  of  the  diaphragm  is  from  its 
periphery  to  the  central  portion,  which  gives  passage  to  the 
vessels  and  the  oesophagUB.  Sometimes,  when  this  closure  is 
incomplete,  we  have  the  malformation  known  as  congenital 
diaphragmatic  hernia. 

The  development  of  the  anus  is  siiflSciently  simple.  At 
first,  as  we  have  seen,  the  intestine  terminates  below  in  a 
blind  extremity  ;  but,  at  about  the  seventh  week,  a  longitu- 
dinal slit  apfiears  below  tlie  external  organs  of  generation, 
by  which  the  rectum  opens.  This  is  the  anus.  It  is  not 
very  unusual  to  observe  an  arrest  in  the  development  of 
this  opening,  the  intestine  terminating  in  a  blind  extremity, 
a  short  distance  beneath  the  integument.  This  constitutes  the 
malformation  known  as  imperforate  anus,  a  deformity  which 
can  usually  be  relieved,  without  much  difticulty,  by  a  sui^cal 
operation,  if  the  distance  between  the  rectum  and  the  skin  be 
not  too  great*  The  opening  of  the  anus  appears  about  a 
week  after  the  opening  of  the  mouth,'  at  or  about  the  seventh 
week. 

The  rudiments  of  the  liver  appear  very  early,  and,  in- 
deed, at  the  end  of  the  first  month,  this  organ  has  attained 

*  B(tRt)ACB,  TVaiti  dephifdolo^^  Paria,  IBZ%,  tome  iii,,  pp,  467,  -f  iV6. 
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an  enormous  size.  According  to  Bisoliofif,*  two  projections, 
or  buds,  appear  on  either  side  of  the  intestine,  which  form 
the  two  principal  lobes  of  the  liver.  This  organ  is  at  first 
6}'mmetrical,  the  two  lobes  being  of  nearly  the  saine  size, 
with  a  median  fissure.  One  of  these  prolongations  from  the 
intestine  becomes  perforated,  and  forms  the  excretoiy  duct, 
of  which  the  gall-bladder,  with  its  duct,  is  an  appendage* 
During  the  early  part  of  f<x^tal  life,  the  liver  occupies  the 
greatest  part  of  the  abdominal  cavity.  According  to  Bui-- 
dach,  its  weight,  in  proportion  to  the  weight  of  the  body  at 
different  agest,  is  as  follows  :  At  the  end  of  the  first  month,  1 
to  3  ;  at  term,  1  to  18  ;  in  the  adult,  1  to  36/  Its  stnicture 
is  very  soft  during  the  first  months,  and  it  is  only  at  about 
the  fourth  or  fifth  month  that  it  assumes  one  of  it6  most  im» 
portant  fimetions;  viz.,  the  production  of  sugar.*  As  devel- 
opment advances,  and  as  the  relative  size  of  the  liver  gradu- 
ally diminishes,  its  tiseue  becomes  more  solid. 

The  pancreas  appears  at  the  left  side  of  the  duodenmn, 
by  tlie  formation  of  two  ducts  leading  from  the  intestine, 
wliidi  branch  and  develop  glandular  stnicture  at  their  ex- 
tremities. The  spleen  is  developed,  about  the  same  time,  at 
the  greater  curvature  of  the  stomach.  This  organ  is  abun- 
dantly supplied  with  blood-vessels,  but  has  no  excretory  duct- 
According  to  Meckel,  the  spleen  becomes  distinct  during  the 
second  month.* 

Tliere  is  no  reason  to  believe  that  any  of  the  digestive 
fluids  are  secreted  during  intra-uterine  life.  The  stomach,  at 
least,  never  contains,  at  this  time,  an  acid  secretion*  At 
biith,  the  intestine  contains  a  peculiar  substance,  called  me- 
conium, which  will  be  described  farther  on.  Cholesterine, 
an  important  constituent  of  the  bile,  is  found  in  the  meco- 

'  BiacROrr,  7Vai/«  cfu  dtvftoppnufni  de  Phomme  d  det  inomm^/dret. — Mi^e^^dth 
pSdi4  ematamique^  Pans,  1S43,  tomv  V'HL,  p.  830. 

*  BuKDACH,  TraiU  de  phynoloffie,  Paris,  1838,  tome  iJi,  p.  4S8. 

*  BtRHARD,  Lepons  aur  la  phy»i<do^  rxpmmaild^,  Pftria,  1866^  p.  82. 

4  Hkcizl,  Manwd  of  Gmeral^  Lescrijttitt^  and  Patkologital  Anatomy^  Phik> 
ddphiA,  lSa2,  Tol  m.,  p.  8S1. 
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nium  in  large  quantity^  but  its  function  is  connected  exdn- 
sively  with  excretion/ 

Dmelopfiunt  of  the  I}espiraU$j^  System. 

On  the  anterior  surface  of  the  membranous  tube  which 
becomes  the  ceaophagus,  an  elevation  appears,  which  soaa 
presents  an  opening  into  the  cBsophagiis,  the  projection  form-  ; 
ing,  at  this  time,  a  single,  hollow  eul-de'S€tc,  This  opening  ^ 
becomes  the  rima  glottidis,  and  the  single  tube  with  which  it 
is  connected  is  developed  into  the  trachea.  At  the  lower  ex- 
tremity of  this  tube,  a  bifui*cation  appears,  terminating  first 
in  one,  and  afterward,  in  several  cuh-de-me*  The  bifurcated 
tube  constitutes,  after  the  lungs  are  developed,  the  primitive 
bronchi,  at  the  extremities  of  which  are  the  branches  uf  the 


Fir..  45. 


lOflMtlan  of  the  hronchfiil  rarnifimtloTis  xnd  of  the  pakDanffrt  ^lU.— A«  K.  Aevd 
of  the  luj>g^.  ntivr  ItoUiko :  C,  D,  histoloiHeaJ  dcvi'lopow-nt  oi  lh«  lun^  dUrr  J 
<Lu9err,  Ttaiti  tie  pkytioloifU,  Paris,  l^s^JU,  tome  111^  p.  tOT.> 


bronchial  tree.  As  the  bronchi  branch  and  subdivide,  they 
extend  downward  into  what  becomes  eventually  the  cavity  of 
the  thorax.  The  pulmonary  vesicles,  according  to  Burdach, 
are  developed  before  the  traehea.  The  lungs  contain  no 
air  at  any  period  of  intra -uterine  life,  and  receive  but 
a  small  quantity  of  blood ;  but,  at  birth,  they  become  dis- 
tended witli  air,  arc  increased  theitiby  in  volume,  and  receive 
all  the  blood  from  the  right  ventricle.  This  process  of  devel* 
opment  is  illcstratcd  in  Fig,  45*  According  to  Burdach,  the 
'  See  vol  iil,  Ei^cre^oo,  p.  207,  ti  arg. 
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lungs  appear,  in  the  human  erabryon,  during  the  rixth  week» 
The  two  portions  into  which  the  orighial  bud  i&  bifurcated 
constitute  the  true  puhnonary  structure,  and  the  formation 
of  the  trachea  and  bronchial  tubes  occurs  afterward  and  is 
secondaryJ  We  have  indicated  the  pulmonary  stnictiu'e  as 
branching  prooeseea  from  the  bronchial  tubea,  merely  for  coa- 
venience  of  description. 

Deudcfpmmt  of  the  Face, 

The  development  of  the  face  in  the  embryon  of  maromals 
is  somewhat  complex,  but  it  is  peculiarly  interesting,  as  its 
study  enables  us  to  comprohend  the  manner  in  whicb  various 
very  common  malforitiations  of  the  face  and  palate  are  pro- 
duced. The  anterior  portion  of  the  embryon,  as  we  have 
seen  in  studying  the  development  of  tbe  trunk,  remains  open 
in  front  long  after  the  medullary  plates  have  met  at  the 
back  and  enclosed  the  neural  canal.  The  common  cavitv  of 
the  thorax  and  abdomen  is  closed  by  the  growth  of  the  vis- 
ceral plates,  which  meet  in  front.  These  are  projecting 
plates  of  the  intermediate  bla*itodermic  layer,  w^hich  gradu- 
ally extend  forward  from  the  vertebral  column.  At  the  same 
time  that  the  visceral  plates  are  thus  closing  over  the  thorax 
arid  abdomen,  four  distinct,  tongue-Uke  projections  appear,  one 
above  the  other,  by  the  sides  of  the  neck.  These  are  called 
the  visceral  arches,  and  the  slite  between  thera  are  called  the 
visceral  clefts/  The  first  three  arches,  enumerating  from 
above  downward,  correspond,  in  their  origin,  to  the  three 
primitive  cerebral  vesicles.  The  fourth  arch,  which  is  not 
enumerated  by  some  authors,  who  recognize  but  three  arches, 
corresponds  to  the  snperior  cervical  vertebne.  Of  these  four 
arches,  the  first  is  the  most  impt^rtant,  as  its  development,  in 
connection  with  that  of  the  frontal  process,  forms  the  face 
and  the  malleus  and  incus  of  the  middle  ear ;  the  second  arch 

•  BuRDACK,  Traiii  dt  ph^olo^  Paris,  1838,  torn©  lii.,  pp.  484,  486. 
■  TheBe  arches  correffpond  to  the  bmuchiaj  TAScular  «fch««,  wliich  will  be 
(bOj  described  in  conneGtian  with  tbe  development  of  the  circulatory  f yst«iiL 
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forms  the  lesser  cornua  of  the  hyoid  bone^  the  stapes,  and  the 
etyloid  ligament ;  the  third  arch  forms  the  body  and  the 
greater  comua  of  the  hyoid ;  and  the  fourth  arch  forms  the 
larynx-  The  first  cleft,  situated  lietween  the  first  and  the 
second  arch,  becomes  obliterated  in  front  by  a  deposition  of 
plastic  matter,  but  an  opening  remains  by  the  side,  which 
forms,  externally,  the  external  auditory  Dieatus,  and  inter- , 
nally,  the  tympanic  cavity  and  the  Eustiichian  tnbe*  The 
other  clefts  become  obliterated  as  the  arches  advance  in  their 
development. 

From  the  above  sketch,  it  is  seen  that  the  face  and  the 
neck  are  formed  by  the  advance  and  closnre  in  front  of  pro- 
jections from  behind,  in  the  same  way  as  the  cavities  of  the 
thoi'ax  and  abdomen  ai^  closed ;  but  the  closure  of  the  first 
visceral  arch  is  comphcated  by  the  projection,  from  above 
downwanl,  of  the  frontal,  or  intermaxillary  process,  and  by 
the  fomaation  of  several  secondary  projections,  which  leave 
certain  peimanent  openings,  forming  the  mouth,  nose,  etc 
These  processes  of  development,  we  shall  now  attempt  to 
follow. 

In  the  very  first  stages  of  development  of  the  head,  there 
is  no  appearance  of  the  face.  The  cephalic  extremity  consists 
simply  of  the  cerebral  vesicles,  the  surface  of  this  enlarged 
IKirtion  of  the  enibryon  being  covered,  in  front,  as  well  as 
behind,  by  the  external  blastodermic  membrane.  During 
the  sixth  week,  after  the  cavity  of  the  pharynx  has  appeared^ 
the  membrane  gives  way  in  front,  forming  a  large  opening, 
which  may  be  called  the  first  opening  of  the  mouth.  At  this 
time,  however,  the  face  is  entirely  oj^en  in  front  as  far  back 
as  the  ears.  The  fii*8t,  or  the  superior  visceral  arch,  now  ap- 
pears as  a  projeetion  of  the  middle  blastodermic  layer,  ex- 
tending forward*  This  is  sot»n  marked  by  two  secondary 
projections,  the  upper  projection  forming  the  superior  maxil- 
laiy  portion  of  the  face,  and  the  lower,  the  inferior  maxilla. 
The  two  projections  which  form  the  lower  jaw  soon  meet 
in  the  median  line,  and  their  superior  margin  is  the  lower 
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lip.  At  the  same  time,  there  is  a  projection  from  above,  ex- 
tending between  the  two  superior  pr<jjei'tiL>as,  which  is  called 
the  frontal,  or  intermaxillary  process.  This  extends  from 
the  forehead,  that  portion  which  covers  tlie  front  of  the  cere- 
hnmi,  downwai-d.  The  superior  maxiilaiy  projections  then 
advance  forward,  gradually  passing  to  meet  the  frontal  pro- 
cess, but  leaving  two  small  openings  on  either  side  of  the 
median  line,  whirh  are  the  openings  of  tlie  nostrils.  The 
upper  portion  of  the  frontal  process  thus  fonns  the  nose ;  but 
l^elow,  is  the  lower  end  of  this  process,  which  is  at  first  split 
in  the  median  line,  projects  below  the  nose,  and  forais  the 
incisor  process,  at  the  lower  border  of  which  are  finally  devel- 
oped the  incisor  teeth.  As  the  superior  maxillary  processes 
advance  forward,  the  eyes  are  moved,  as  it  were,  from  the 
sides  of  the  head  and  present  anteriorly,  until  finally  tlieir 
i^es  become  paralleh  These  processes  advance  from  tlie  two 
mdes,  come  to  the  sides  of  the  incisor  process  beneath  the 
nose,  imite  with  the  incisor  proce^  on  either  side,  and  their 
lower  margin,  with  the  lower  margin  of  the  incisor  process, 
foniis  the  upper  lip;  but,  before  this,  the  two  lateral  halves 
of  the  incisor  process  have  united  in  the  median  line.  At 
the  bottom  of  the  cavity  of  the  mouth,  a  small  papilla  makes 
its  appearance,  which  gradually  elongates  and  forms  the 
tongue. 

AVliile  this  process  of  development  of  the  anterior  por- 
tion of  the  first  visceral  arch  is  going  on,  at  its  posterior  por- 
tion, we  have  developing,  the  malleus  and  incus,  the  former 
being  at  first  connected  with  the  cartilage  of  Meckel,  which 
extends  along  the  inner  surface  of  the  inferior  maxilla,  the 
two  cartilages  meeting  at  the  chin.  The  cleft  between  the 
first  and  the  second  visceral  arch  has  closed,  except  at  its  pos- 
terior portion,  where  an  opening  is  left  for  the  external  audi- 
tory meatus,  the  cavity  of  the  tympanum,  and  the  Eustachian 
tube. 

At  the  same  time,  the  second  visceral  arch  advances,  and 
forms  tlie  stapes,  the  styloid  ligament,  and  the  lesser  comua 
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Fig.  46. 


\ 


of  tlie  hvoid  bone.  The  third  arch  advances  m  the  same 
way ;  and  the  arches  from  the  two  sides  raeet,  become  united 
in  the  median  line,  and  form  the  body  and  the  greater  eor- 
nua  of  the  hyoid.  The  clefts  between  the  second  and  third 
and  between  the  third  and  fourth  arches  become  obliterated 
by  the  deposition  of  plastic  matter. 

Tlie  fourth  arch  forms  the  sides  of  the  neck  and  the  lar- 
ynx, the  aiytenoid  cartilages  being  developed  first.    In  front 

of  the  larynx  an*l  just 
behind  the  tongue,  is  a 
little  elevation,  which 
18  developed  into  the 
epiglottis. 

According  to  Bur- 
dach,   who    has    note 
with  great  accuracy  tbi 
time    of    developmenli 
of  different  parts  of  the 
embryon,  the  openii 
of  the  nostrils  apj 
in  the  second  Imlf  of 
the  second    month;   nj 
little  elevation,  the  nose^l 
appears  between  these 
openings,  and  the  nasalj 
cavity  begins  to  be  sepa^l 
rated  from  the  mouth- 
The   lips    are    distinct 
during  the  third  month, 
and  the  tongue  first  ap- 
pears in  the  coui-se  of 
the  seventh  week.' 
The  above  sketch  of 
the  mode  of  development  of  the  face  enables  us  to  imder*  i 
stand  the  origin  of  certain  of  the  more  common  malf ormar  ^ 

'  BcEDACH,  TVaiti  d€ phytiologie^  Paris,  1839,  tome  iii.,  pp,  496,  498. 


\ 


iTi  pmbryon  of  from  twentjr-flTe  to 
:.....,.  .,»,...  viiiyi;  magnified  flftcwD  dtametcn.— 
I.  inedtaii  or  fronUl  proc«M,  the  inferior  portion  of 
which  i«  c«onslder>b!y  enlan^d ;  %  t^hx  Doetril ;  % 
left  DoUrll;  i  4,  inftrior  mnxlllary  jmiceaMii,  ftl- 
roidir  taalied  tn  th«  medl«a  Itne;  flb  6.  ftiii>eii«r 
oiudHwj  proceiwA,  which  hare  tMeome  gulto 
immitMQt  and  b>T«  dcMeodftil  to  the  lorel  of  tho 
tSopD  of  the  firootal  prooeM ;  a,  moath :  t.  first  t1»- 
ecm  arch;  B„  MoaDd  Tlienal  arch ;  d,  third  vla- 
enml  areh ;  10,  fly« ;  1 1*  «ar.  (SJLmT,  TraiU  d'ana- 
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tions  of  this  part.  Wlieii^  by  an  arrest  of  development,  the 
eujierior  maxilla  on  one  side  fails  to  miite  with  the  side'of 
the  inei&or  process,  we  have  the  very  common  defomiity 
known  as  single  hare-lip.  If  this  union  faU  on  hoth  fiiJe?^, 
we  have  double  harolip,  when  the  inciR^r  process  is  umiallv 
more  or  less  projecting.  As  a  very  rare  deformity,  it  is 
sometimes  observed  that  the  two  sides  of  the  incisor  process 
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^  I  fn>irroii  of  thirty 
liuL.  furuKd  h\  Iby  unloD  of  the  ID L. 


H  Aloptoff;  ft,  8,  ou!- 

.  ...:  ajv|>roc«i»«:A.  r*. - 

kry  yeotee^tm.  cootlguuuui  to  tbo  lodsar  proeitte;  ^iutiUtu.  »1ii}  «^nfi' i  ! 

wami  T.  ■ppnumnct  of  th«  dosura  of  Ihm  uul  Umam:  %  K  a(j(MMkt«i>« 
of  tKe  pnlniin*.  ur,  h  :  ii  t.m-n].,  -  10, 10.  «y«ft;  11,  18»  la,  vlaceni)  «nrLr :      ,        i  _.  .       V 
ft*(tnat(>mi^    '  '^..  p»  T8.) 

Fin.  4^ . — Mctu  f  I  -ny  d»y  §.— 1 ,  firft  appcariiic«  of  the  no» ;  »,  1  flnt  App«ir- 

AQiV  of  tb^  Li: .     . ii'pcanmcv  of  the  ckwure  braimth  the  dom;  i.  middik  or  ID«> 

dkn  [»ortlion  or  the  upiH-r  iij>  Umiif^A  by  tiii^  approadi  aad  unktn  of  the  two  tiMiMr  procwe*. 
«  little  notch  tn  the  tuc^lan  tU»e  stlU  indlcatloj^  tli«  primittTe  icpAmUou  of  th«  two  pcoocMca; 
IV  ^,  stiperfor  muJIIjirv  Fr.i.  <  <4«a,  ft>rmlag  tiu»  UtenU  portions  i>f  tin-  uppo-  Up;  «^  €,  groo?e 
f(»r  tb^  d«T«lopmeT  vtiuU  Me  «imI  th«  mMJeui  i  ;^:  H.Qioutb;9,V,th4 

two  lateral  huve»  ^  rifcb,  «trei»dj  xmwij  ■ppn '  b  other  io  fPmt.  but 

fttin  widely  •epwvt' ,:^Arrwf^lhMilid*atmtOfh.,_  A^tmoQW^^.Ti.)^ 

*  The  periods  of  development  indicAt^d  for  tbeic  diagnunfi  vte  somcwlmt 
Qtrlicr  than  those  which  w**  har«  quoted  from  Burdach  ;  tint  it  Is  imposaiblo  to 
ix  the^  with  absolute  aecumcv,  und  all  the  eetiiiiAtes  given  bj  Attibora  aru  under* 
BUiod  CO  be  merelj  approxfniatiTe. 
15T 
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have  failed  to  unite  with  each  other,  leaving  a  figsure  in  the 
qedian  line. 

It  is  somewhat  dilBeult  to  oompreheud  the  exact  mode  of 
development  of  the  face  bj  verbal  description  alone ;   but  it 
will  be  readily  understood,  after  the  account  we  have  jostj 
given,  by  studying  Figs.  4G,  47,  and  48,  copied  from  xh4 
great  atlas  of  Coste. 

The  palatine  arch  h  developevl  by  two  processes,  wluc 
arise  on  either  side  from  the  incisor  process,  pass  baekwo 
and  upward,  and  finally  meet  and  unite  In  the  median  lii 
The  union  of  these  forms  the  plane  of  separation  between^ 
the  mouth  and  the  nares ;  and  want  of  fusion  of  these  pro 
cesses,  from  arrest  of  development,  produces  the  malforma- 
tion known  as  cleft  palate,  in  which  the  fissure  is  always  in 
the  median  line.  At  the  same  time,  a  vertical  process  fomia 
in  the  median  line,  between  the  palatine  arch  and  the  roof 
of  the  nasal  cavity,  which  separates  the  two  nares. 

Demlopment  of  the  Teeth. — Recent  erabryological  re- 
searches, particularly  those  of  Legros  and  Magitot,  have 
shown  that  the  old  idea  of  the  development  of  the  dental 
papillaa  in  the  bottom  of  a  gutter  formed  at  the  border  of 
either  jaw  is  erroneous.  According  to  these  observers,  whoso  4 
descriptions  seem  to  be  exact  an<l  reliable,  the  first  appear^ 
ance  of  the  organs  for  the  development  of  the  teeth  is 
marked  by  the  formation  of  a  cellular  projection  extending 
the  entire  length  of  the  rounded  border  of  each  jaw,  which 
forms  a  rounded  band  above,  and  dips  down  somewhat 
into  the  subjacent  structure.  This  band  is  readily  separ-l 
ated  by  maceration,  and  the  removal  of  the  portion  that 
dips  into  the  maxilla  leaves  a  groove,  which  is  thought  by 
Legros  and  Magitot  to  be  the  explanation  of  the  description 
of  a  groove  by  tlie  earlier  writers.*  This  band  extends  the 
entire  length  of  the  jaws  without  interruption.  Its  supe- 
rior raiface  is  rounded,  and  that  portion  which  dips  into 

1  LKaitcNi  rr  lUatTOT,  Contributions  d  TMude  du  dMcppanent  dm  itnU, — 
Jhttmai  it  FanatcmtM^  Paiie,  187S,  tome  ix.,  p.  450. 
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tiie  sitbjacent  umcoiis  structure  is  wedge-filmped,  so  that  it« 
section  has  the  form  of  a  V. 

Ab  Boon  as  this  primitive  band  is  formed,  which  occurs  at 
the  sixth  or  seventh  week,  a  flat  band  projects  from  its  inter- 
nal surface,  near  the  mucous  structure,  which  Legros  and 
Magitot  call  the  epithelial  band.  This  also  ertenda  over  the 
entire  length  of  the  jaws.  It  is  thin,  flattened,  with  its  free 
edge  curved  inward  and  toward  the  jaw,  and  is  composed,  at 
first,  of  a  central  layer  of  polygonal  cells,  covered  bj  a  layer 
of  cohimnar  epithelium* 

At  certain  points,  these  points  corresponding  to  the  situa> 
tions  of  the  true  dental  bulbs,  there  appear  rounded  enlarge- 
ments at  the  free  margin  of  the  epithelial  band  just  de- 
scribed. Each  one  of  these  is  developed  into  one  of  the 
stnietures  of  the  perfect  tooth*  The  meehamsra  of  the  for- 
mation of  this,  which  is  called  the  enamel-organ^  and  of  the 
dental  bulb  is  as  follows  : 

A  rounded  enlargement  appears  at  the  margin  of  the  epi- 
thelial band.  This  soon  becomes  directed  downward  (adapting 
our  description  to  the  lower  jaw)  and  dips  into  the  mucous 
structure,  being  at  first  connected  with  the  epithelial  band  by 
a  narrow  pedicle,  which  soon  disappears,  leaving  the  enlarge- 
ment enclosed  completely  in  a  follicle.  This  is  the  dental 
follicle,  and  has  no  connection  with  the  wedge-ehaped  band 
which  we  described  first,  Wtile  this  process  is  going  on,  a 
conical  bulb  appears  at  the  bottom  of  the  follicle.  The  enam- 
el-organ, fonned  from  the  epithelial  band,  becomes  excavated 
or  cup-shaped  at  its  under  surface,  and  fits  over  the  dental 
l>ulb,  becoming  united  to  it. 

The  tooth,  at  this  time,  consists  of  the  dental  bulb,  with 
the  enamel-organ  closely  fitted  to  its  projecting  surface.  The 
enamel-organ  is  develoj>ed  into  the  enamel ;  the  dental  bulb, 
which  is  provided  with  vessels  and  nerves,  becomes  the 
tooth-pulp ;  and,  xi\yon  the  surface  of  the  dental  bulb,  the 
dentuie,  or  ivory,  is  developed  in  successive  layers.  The 
cement  is  developed  by  successive  layers  upon  that  portion  of 
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the  dentine  which  forms  the  root  of  the  tooth.  As  these 
processes  go  on,  the  tooth  projects  more  and  more,  the  nppar 
part  of  the  wall  of  the  follicle  gives  way,  and  the  tooth 
finally  appears  at  the  surface. 

The  permanent  teeth  are  developed  beneath  the  follicles 
of  the  temporary,  or  miUc-teeth.  The  first  appeanmce  is  s 
prolongation  or  diverticulum  from  the  enamel-organ  of  the 
temporary  tooth,  which  dips  more  deeply  into  the  mneoiis 
gtructm^  This  becomes  the  enamel-organ  of  the  permanenl 
tooth ;  and  the  successive  stages  of  development  of  the  dental 
follicles  and  the  dental  pulp  progress  in  the  same  way  as  in 
the  temporary  teeth.  As  the  permanent  teeth  increase  id 
size,  they  gradually  encroach  upon  the  roots  of  the  temporaiy 
teeth.  The  roots  of  the  latter  are  absorbed,  the  permanent 
teeth  advance  more  and  more  toward  the  surface,  and  the 
crown  of  each  temporary  tooth  is  finally  pushed  out  The 
number  of  the  temporary  teeth  is  twenty,  while  there  are 
thirty-two  permanent  teeth.  Thus  there  are  three  perma- 
nent teeth  on  either  side  of  both  jaws,  which  are  developed 
de  nouo^  and  are  not  preceded  by  temporary  stmctures/ 

The  first  dental  folKcles  usually  appear  in  regular  succes- 
sion. The  follicles  for  the  internal  incisors  of  the  lower  jaw- 
appear  first,  this  occurring  at  about  the  ninth  week.  All  of 
the  follicles  for  the  temporary  teeth  are  completely  formed 
at  about  the  eleventh  or  the  twelfth  week. 

The  temporary  teeth  appear  successively,  the  correspond- 
ing teeth  appearing  a  little  earlier  in  the  lower  jaw.  The 
usual  order,  subject  to  certain  exceptional  variations,  is  as 
follows : 

The  four  ceQtnLl  incisors  appear  ri:t)m  eix  to  eight  roonthfl  aJW  birth, 
Th«  four  luieral  moisore  appear  from  seven  to  twelre  months  alter  btrtb. 
The  four  anterior  mokn  appear  from  twelve  to  eighteen  moDtha  after  btrtlu 
The  four  canines  appear  fi'om  sixteen  to  twentj-four  monlhi  after  birtlu 
The  four  posterior  molars  appear  ^m  twentj-four  to  tliirt]r<«ix  mooths  after 
bifth, 

>  Fotr  u  aocooni  of  the  ttnicture  of  the  teeth,  see  roL  &.,  AJimeafcation,  p. 
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The  order  of  eruption  of  the  permanent  teeth  is  as  fol- 
lows :  * 

The  two  central  incison  of  the  lower  Jaw  appear  from  the  sixth  to  the  eighth 
year. 

The  two  central  indBors  of  the  upper  jaw  appear  from  the  seventh  to  the 
eighth  year. 

The  four  lateral  incisors  appear  from  the  eighth  to  the  ninth  year. 

The  four  first  bicuspids  appear  from  the  ninth  to  the  tenth  year. 

The  four  canines  appear  from  the  tenth  to  the  elerenth  year. 

The  four  second  bicuspids  appear  from  the  twelfth  to  the  thirteenth  year. 

The  above  are  the  permanent  teeth  which  replace  the  tem- 
porary teeth.  The  permanent  teeth  which  are  developed  de 
novo  appear  as  follows : 

The  first  molars  appear  from  the  sixth  to  the  serenth  year. 

The  second  molars  appear  from  the  twelfth  to  the  thirteenth  year. 

The  third  molars  appear  from  the  seventeenth  to  the  twenty-first  year. 

>  Safpet,  TrqiiS  cTanatamie,  Paris,  1874,  tome  iv.,  pp.  118, 116, 119. 


CHAPTER  XVm. 

DEVELOPMENT  OF  THE  GENTTO-rRINARY  AND    OF   THE    CIBCni«A- 
TOBY   SYSTEM. 

• 

Derdopment  of  the  Wolffian  bodies — ^Ducts  of  the  Wolffian  bodies  and  ductB  of 
Miiller — Development  of  the  Wolffian  ducts  into  the  vasa  deferentia,  and 
of  the  ducts  of  Muller  into  the  Fallopian  tubes — Development  of  the  testi- 
cles and  ovaries — Development  of  the  urinary  apparatus — ^External  oi^gana 
of  generation — Malformations  of  the  external  generative  organs — ^Her- 
maphroditism— ^Development  of  the  circulatory  system — ^First,  or  TiteUine 
circulation — Second,  or  placental  circulation — ^Branchial  ardies  and  devel- 
opment of  the  arterial  and  the  venous  system — ^Development  of  the  heart-^ 
Description  of  the  foetal  circulation — ^Third,  or  adult  circulation. 

The  genital  and  the  urinary  organs  are  developed  to- 
gether, and  are  both  preceded  by  the  appearance  of  two  large, 
symmetrical  structures,  known  as  the  Wolffian  bodies,  or  the 
bodies  of  OkcQ.  These  are  sometimes  called  the  false  or  the 
primordial  kidneys.  They  appear  at  about  the  thirtieth  day, 
develop  very  rapidly  on  either  side  of  the  spinal  column, 
and  are  so  large  as  to  almost  fill  the  cavity  of  the  abdomen. 
Fig.  49,  representing  a  specimen  in  the  possession  of  Prof. 
Dalton,  shows  how  large  these  bodies  are  in  the  early  life  of 
the  embryon,  at  which  time  their  function  is  undoubtedly 
very  important. 

Very  soon  after  the  Wolffian  bodies  have  made  their  ap- 
pearance, we  can  distinguish,  at  their  inner  borders,  two  ovoid 
bodies,  which  are  finally  developed  into  the  testicles,  for  the 
male,  or  the  ovaries,  for  the  female.  At  their  external  bor- 
ders, are  two  ducts,  on  either  side,  one  of  which,  the  internal, 
is  called  the  duct  of  the  Wolffian  body.  This  finally  disap- 
pears, in  the  female,  but  is  developed  into  the  vas  deferens, 
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FffUl  pig^  %  of  nn  inch  1on|| ;  In 
the  |io«tOMloj)  of  VtoT.  I>a]' 
too.— ^l.hpitfi;  2,  anterior  ex* 


in  tbe  male.  The  other  duct,  which  is  exteraal  to  the  duct 
of  tlie  Wolffian  body,  disappears,  in  the  male,  but  becomes 
the  Fallopian  tube,  in  the  female.'  This  is  known  as  the 
duct  of  Miiller.  Behind  the  Wolffian  bodies,  are  developed 
tbe  kidneys  and  the  mipmrenal  capsules. 

As  the  development  of  the  Wolffian  bodies  attains  its 
maximum,  their  stnictnre  becomes  somewhat  complex*  From 
their  proper  ducts,  which  are  applied 
directly  to  their  outer  borders,  tubes 
make  their  appearance  at  right  angles 
to  the  ducts,  which  extend  into  the 
subst^mce  of  the  bodies  and  become 
somewhat  convoluted  at  their  extrerai- 
tiee.  These  tubes  communicate  di- 
rectly with  the  ducts,  and  the  ducts 
themselves  open  into  the  lower  part 
of  the  intestinal  canal,  opposite  to  the 
point  of  its  conminnication  with  the 
allantois.  The  tubes  of  the  Wolffian 
bodies  are  simple,  terminating  in  sin- 
gle, somewhat  dilated,  blind  extremi- 
ties, are  lined  with  epithelium,  and 
are  penetrated,  at  their  extremities,  by  blood-vessels,  which 

*  IIenle,  ffandbuch  der  ayvtematischen  Anaiomit  dm  Ifensehtn^  Brtmnscliwejg:, 
1866»  Bd.  li.,  R  842,  843;  BrOcke,  VorUtwnffm  vUr  Phynolo^e,  Wien,  1878, 
Bd.  ii.,  S.  289. 

Tbe  old  idea  was  that  the  ducts  of  Huller  become  tbe  raaa  deferentia,  and 
that  the  duct  of  the  Wolffian  bodies  disappearst^'botb  in  tbe  male  and  in  tbe  fe- 
male ;  but  later  researches  show  that  the  testicles  become  united  to  the  Wolffian 
bodiei,  ibe  remama  of  tbefl«  bodies  formiiig  the  bead  of  the  epldidymifi,  and 
that  the  Wolffian  ducta  become  the  vaaa  deferentia.  In  tbe  Journal  of  A  natmnif 
and  Phynologif^  Cambridge  and  London,  1868,  roL  ti.,  p.  401,  \a  an  nrcouni  of  ft 
case  of  true  lateral  hermaphroditism,  obBenred  by  Dr.  Rawdon,  in  which,  in  the 
left  broad  ligament,  there  was  a  Fallopian  tube,  but  no  ovary ;  while,  in  the 
right  broad  ligament,  were  found,  an  ovary  with  its  Fallopian  tube,  and  a  testi- 
cle with  an  epididyroLS  and  a  vaa  deferens.  If  Ihb  deacription  be  correct,  it  la 
a  strong  argument  In  favor  of  the  view  that  the  Fallopian  tubes  and  tbe  vase 
deferentia  are  developed  from  distinct  structures  ;  the  Fallopian  tutjes,  from  the 
ducta  of  MUller,  and  the  rasa  deferentia,  from  the  ducts  of  tbe  Wolffian  bodies. 


Itj  ;  4.  Wolfflan  IkhIv.  TLo 
alMloiiiinul  ujiIIr  have  b^ii  cui 
A  way.  In  onlcr  to  shrm-  Uif  no- 
Bttiot]  of  tbo  Wotflian  bod(e». 
(Daltok.  Humofi  Phtftido- 
gy,  PbJIadelphla,  1671,  p.  fi75.) 
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form  coils  or  convolutions  in  tlieir  interior,*  These  are  un- 
doubtedly organs  of  depuration  for  the  embrj^on,  and  take 
on  the  function  to  be  sub^quently  assumed  by  the  kidDers ; 
but,  in  the  female,  they  are  temporary  structures,  disappett 
as  development  advances,  and  having  nothing  to  do  ^ith  tt 
development  of  the  true  urinary  organs. 

The  testicles  or  ovaries  are  developed  at  the  internal 
anterior  surface  of  the  Wolffian  bodies,  first  appearing  ii 
the  form  of  small,  ovoid  masses.  Beginning  just  above  and 
passing  along  the  e^ctemal  borders  of  the  Wolffian  bodie 
are  the  tubes  called  the  ducts  of  Muller.  These  at  first  op 
into  the  intestine,  near  the  point  of  entrance  of  the  Wolflian 
ducts.  In  the  female,  their  upper  extremities  remain 
except  the  single  fimbria  which  is  connected  with  the  ovaiyvl 
Their  inferior  extremities  unite  with  each  other,  and,  at 
their  point  of  union^  form  the  uterus.  When  this  union  is 
incomplete,  we  have  the  malformation  known  as  doable 
uterus,  which  may  be  associated  with  a  double  vagina.  We 
have  referred  to  a  case  of  this  kind  in  a  previous  chapter.* 
The  Wohfian  bodies  and  their  ducts  disappear,  in  the  female, 
according  to  Longet^  at  about  the  fiftieth  day,  A  portion  of 
their  structure,  however,  persists,  in  the  form  of  a  collection 
of  closed  tubes,  constituting  the  parovarium,  or  organ  of  Ko- 
BenmMler.' 

In  the  female,  the  ovaries  pass  down  no  farther  than  the 
pelvic  cavity ;  but  the  testicles^  which  are  at  first  in  the  ab- 
domen of  the  male,  finally  descend  into  the  scrotum.  As  - 
the  testicles  descend,  they  carry  with  them  the  WolflBan  doet^ 
that  portion  of  tlie  Wolffian  body  which  is  permanent  con- 
stituting the  head  of  the  epididymis.  At  the  same  time,  a 
cord  appears,  attached  to  the  lower  extremity  of  the  testicle 
and  extending  to  the  symphysis  pubis.  This  is  called  tlie 
gubemaculmn  testis.  It  is  at  first  muscular,  but  the  muscu- 
lar fibres  disappear  during  the  later  periods  of  utero-gesta- 

*  DALtoir^  Human  PhjfWihff^^  FhiUdelpb'll^  1S71.  p.  <t76u 
»  See  pftg«  S47,  ooic.  » See  p*ge  378. 
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tion.  It  IS  not  known  that  its  mnsciJar'Struetttre  takes  any 
part,  by  contractile  actiim,  in  the  descent  of  the  teBtiele  in 
the  human  subject*  The  epididymia  and  the  vas  deferens 
are  formed  from  the  Wolffian  body  and  the  Wolffian  duct.* 

At  about  the  end  of  the  seventh  month,  the  testicle  has 
reached  the  iBtemal  abdominal  ring ; '  and,  at  this  time,  a 
double  tubular  process  of  peritoneum,  covered  with  a  few 
fibres  from  the  lower  portion  of  the  internal  oblique  muscle 
of  the  abdomen,  gradually  extends  into  the  scrotum.  The 
testicle  descends,  following  this  process  of  peritoneum,  which 
latter  becomes  eventually  the  visceral  and  parietal  portion  of 
the  tunica  vaginalis.  The  canal  of  communication  between 
the  abdominal  cavity  and  the  cavity  of  the  scrotum  is  finally 
closed,  and  the  timica  vaginalis  is  separated  from  the  peri- 
tonemn.  The  fibres  derived  from  the  internal  oblique  con- 
stitute the  cremaster  muscle. 

At  the  eighth  or  the  ninth  month,  the  testicles  have 
reached  the  external  abdommal  ring,  and  then  soon  descend 
into  the  scrotum.'  The  vas  deferens,  as  we  have  seen,  passes 
from  the  testicle,  along  the  base  of  the  bladder,  to  open  into 
the  prostatic  portion  of  the  urethra ;  and,  as  development 
advances,  two  sacculated  diverticula  from  these  tubes  make 
their  appearance,  which  are  attached  to  the  bladder  and  con- 
stitute the  vesiculaa  seminales. 

As  the  ovaries  descend  to  their  pennanent  situation  in  the 
pelvic  cavity,  there  appeai-s,  attached  to  the  inner  extremity 
of  each,  a  rounded  cord,  analogous  to  the  gubemaculum 
testis.  A  portion  of  this,  connecting  the  ovary  with  the 
uterus,  constitutes  the  ligament  of  the  ovary ;  and  the  in- 

^  According  to  Henle.  Bruckc,  and  others,  the  ducla  of  the  Wolffian  bodiea 
becomo  the  Tosa  deferentm,  and  the  duct^  of  Mtiller,  in  the  roale^  are  t^mporarj 
itructures.  This  destroys  the  complete  analogy  which  has  bl^cn  aasumed  to 
exist  between  llic  rnsa  defereatia  and  tho  Fallopian  tubes.  (Hxxuc,  Handhu^h 
der  tyttfmatUckm  Anaiomie  deit  MmxcKen^  BraunBchwcig,  1856^  Bd,  il,  SL  842, 
84B;  Bikucm,  VorUmngm  uhwr  Phjftioloffie,  Wiou,  1673,  B<1  ii.,  S.  28'^.) 

*  BiTBDACH,  Traiii  dfph^fdohgU^  Paris,  1888,  tome  £tl,  p*  5(tO. 
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ferior  portion  fortDs  the  round  ligament  of  the  nterua^  whieE 
passee  tlxrough  the  inguinal  canal  and  ig  attached  to  the 
Bjmphjsis  pubis. 

The  development  of  the  external  organs  of  gfeneration 
will  be  studied  after  we  have  described  the  developmcDt  of 
the  urinary  apparatus. 

Dmdopmmxi  of  the   Urinan/  Apparatm. — Behind  the 
Wolffian  bodies,  and   developed  entirely  independently  of 
thenij  the   kidneys,  suprarenal  capsules,  and  ureters  make 
their  appearance.     The  kidneys  are  developed  in  the  f onn 
of  little,  rounded  bodies,  composed  of  short,  blind  tubeid,  ftU 
convergmg  toward  a  single  point,  which  is  the  hilum.   Tlieea 
tubes  increase  in  length,  branch,  become  convoluted  in  a  cer- 
tain portion  of  their  extent,  and  finally  aasume  the  structure 
and  arrangenient  of  the  renal  tubn^es,  with  their  Malpighian 
bodies,  blood-vessels,  etc.     Tliey  all  open  into  the  hiliim. 
At  the  same  time  that  the  kidneys  are  undergoing  develop- 
ment, the  suprarenal  capsules  are  formed  at  their  sujierioi 
extremities.     The^se  bodies,  the  function  of  which  is  mw 
known,  are  relatively  bo  much  larger  in  the  fcetus  than  in 
the  adult,  that  they  have  been  supi^osed  to  be  peculiarly 
portant  in  intra-uterine  life,  though  nothing  definite  is  knov 
upon  this  point.    The  kidneys  are  relatively  Tery  large  in  the 
foetus.   According  to  Meckel,  their  proportion  to  the  weight  ui 
the  body,  in  the  ftetiis,  is  1  to  SO,  and,  in  the  adult,  1  to  ^4m/ 
The  ureters  are  undoubte«ily  developed  as  tubular  pitocesses 
from  the  kidneys,  which  finally  extend  to  open  into  tli€ 
bladder.    This  fact  is  shown  by  certaui  cases  of  malforma-1 
tion,  in  which  the  ureters  have  not  reached  the  bladder,  but 
terminate  in  blind  extremities.*    The  development  of  the 
genito-urinary  system  can  be  readily  undei*stood,  after  the 
description  we  have  just  pven,  by  a  study  of  Fig.  50. 

^  Meckel,  Manual  of  General^  De$eriptivt^  and  Paihoioffieal  Anatomy^  PhOa^ 
del  phi  A,  1832,  voL  lil,  p.  882. 

*  IsiPORX  GEomiOT  Saikt-Hilaiiue,  HUt^re  ffinirale  et  pariieuliht  dm  o^o- 
malitt,  BruEclleB,  1687,  tome  1.,  p.  876. 
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Figure  50.  Diagrammatio  RepresefniaMo^  qfthe  OeniUh 
Urinaiy  System. — ^A,  embryonic  condition,  in  which  there  is 
no  distinction  of  sex ;  B,  female  form ;  0,  male  form.  The 
dotted  lines  in  B  and  C  represent  the  sitaations  which  the 
male  and  female  genital  organs  assume  after  the  descent  of 
the  ovaries  and  testicles.  The  small  letters  in  B  and  C  cor- 
respond to  the  capital  letters  in  A.* 

Fig.  50,  A. — ^A,  kidney ;  B,  ureter ;  C,  bladder ;  I>,  ura- 
chus,  developed  into  the  median  ligament  of  the  bladder ;  E, 
constriction  which  becomes  the  urethra ;  F',  WolflSan  body ; 
G,  WolflSan  duct,  with  its  opening  below,  G' ;  H,  dnct  of 
Muller,  united  below,  from  the  two  sides,  into  a  single  tube, 
J,  which  presents  a  single  opening,  J',  between  the  openings 
of  the  Wolffian  ducts ;  K,  ovary  or  testicle ;  L,  gubemaca 
lum  testis  or  round  ligament  of  the  uterus ;  M,  genito-nrinaiy 
sinus ;  X,  O,  external  genitalia. 

Fig.  50,  B  (female). — a,  kidney ;  b,  ureter ;  c,  bladder ;  d, 
urachus ;  e,  urethra ;  f ,  remains  of  the  Wolffian  body  (parova- 
rium) ;  g,  remnant  of  the  Wolffian  duct ;  h,  Fallopian  tube ;  i, 
uterus ;  i',  vagina ;  k,  ovary ;  1,  round  ligament  of  the  uterus ; 
m,  extremity  of  the  urethra ;  n,  clitoris ;  n',  corpus  cavemo- 
sum  of  the  clitoris ;  n^,  bulb  of  the  vestibule ;  o,  external 
genital  opening ;  p,  excretory  duct  of  the  gland  of  Bartho- 
Unus. 

Fig.  50,  C  (male). — a,  kidney ;  b,  ureter ;  c,  bladder ;  d, 
urachus ;  e,  m,  urethra ;  f ,  epididymis ;  g,  vas  deferens  ;  g', 
seminal  vesicle ;  g^,  ejaculatory  duct ;  li,  i,  remains  of  the 
duct  of  Muller ;  k,  testicle ;  1,  gubernaculum  testis ;  n,  n', 
n^,  urethra  and  penis ;  o,  scrotum ;  p,  gland  of  Cowper ;  q, 
prostate. 

External  Organs  of  Generation. — The  external  organs  of 
generation  begin  to  be  developed  at  about  the  fifth  week.  At 
the  inferior  extremity  of  the  body  of  the  embryon,  a  small, 

*  Henle,  Uandbuch  der  aystemcUitchen  Anaiomie  det  Mentehm,  Braunschweig, 
1866,  Bd.  ii.,  S.  840. 
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ovoid  eminence  appears  in  the  median  line,  at  the  lower 
portion  of  which  there  is  a  longitudinal  slit,  which  forma 
the  common  opening  of  the  anus  and  the  genital  and  urinary 
pABsages.  This  is  the  cloaca.  There  is  soon  dereloped,  in- 
ternally, a  septum,  which  BeparatCB  the  rectum  from  the 
vagina,  the  urethra  of  the  female  opening  above-  In  the 
malCj  this  septum  is  developed  between  the  rectum  and  the 
urethra,  the  generative  and  the  urinary  paeeage-s  opening  to- 
gether. From  this  median  prominence,  two  lateral,  rounded 
bodies  make  their  appearance.  These  are  developed,  with  the 
median,  elevation,  into  the  glans  penis  and  corpoi-a  cavemoBa 
of  the  male,  or  the  clitoris  and  the  labia  minora  of  the  fe- 
male. In  the  male,  these  two  lateral  prominences  unite  in 
the  median  line  and  encloae  tlie  spongy  portion  of  the  ure- 
thra. When  there  is  a  want  of  union  of  the  cavernous  bod- 
ies in  the  male,  we  have  the  malformation  known  as  hypo- 
spadias. In  the  female,  there  is  no  union  in  the  median  line, 
and  an  opening  remains  between  the  two  labia  minora.  The 
scrotum  in  the  male  is  analogous  to  the  labia  majora  of  the 
female  ;  the  distinctjon  being  that  the  two  sides  of  tlie  scro- 
tum unite  in  the  median  line,  while  the  labia  majora  remain 
permanently  separated.  This  analogy  is  farther  illustrated 
by  the  anatomy  of  inguinal  hernia,  in  which  the  intestine 
descends  into  the  labia,  in  the  female,  and  into  the  pcrot^mi, 
in  the  male.  It  sometimes  occurs,  also,  that  the  ovaries  de- 
scend, very  much  as  the  testicles  pass  down  in  the  male^  and 
pass  through  the  external  abdominal  ring. 

From  the  above  description,  it  is  eaay  to  imagine  how 
malformation  and  malposition  of  the  genital  organs  may  oc- 
cur, so  that  it  IB  difficult  to  determine  the  sex  of  the  individ- 
ual. We  may  have,  in  a  male,  absence  of  beard  and  a  cer- 
tain degree  of  development  of  the  mammary  glands,  with  a 
pelvic  conformation  approximating,  more  or  less,  that  of  the 
female ;  and,  on  the  other  hand,  a  female  may  have  a  beard, 
slight  mammary  development,  and  a  general  conformation  of 
the  body  resembling  that  of  the  male.   This  may  be  associated 
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with  corresponding  malformations  of  the  genital  organs.    We 
may,  for  example,  have  a  large  development  of  the  ditofiE, 
descent  of  the  ovaries,  more  or  less  complete  occlusion  of  the 
vagina,  and  imion  of  the  lahia  majora,  so  that  it  is  difficolt 
to  determine  the  sex  from  an  external  examination ;  and  op* 
posite  vic^s  of  formation  may  occm*  in  the  male,  the  teetidea 
remaining  in  the  pelvic  cavity.     It  is  not  surprising,  there* 
fore,  that  beings  have  existed  of  undetermined  sex,  and  many 
cases  of  this  kind  are  on  record     In  a  recent  article  by  Laq- 
gier,  under  the  head  of  '*  hsnnaphrodimne  iiaexiid/^  two  cases 
ai'e  quoted  in  which,  apparently,  the  two  sexes  were  combined. 
The  first  case  was  presented  to  the  Medical  Society  of  Vi- 
enna, liy  Eokitanaky,  in  1S69.     ThiB  ease  presented,  on  poefc 
mortem  examination^  two  ovaries  with  their  Fallopian  ti: 
a  mdunentary  uterus,  a  testicle,  and  a  vas  deferens  contain- 
ing spermatozoids.     This  individual  menstruated,  had  an  im* 
perfect  penis  and  a  bifid  scrotum*     The  sexual  indifference 
was  absolute.     The  second  case  was  published  by  Heppner, 
in  1873.    This  was  a  child,  six  weeks  old,  whidi  had  b€ 
preserved  in  alcohol  for  several  years.     It  presented  aTariaa^H 
Fallopian  tubes,  a  uterus,  and  a  vagina  opening  into  the  ure- 
thra.    There  were  also  two  bodies  which  were  shown,  on  inl-j 
croacopieal  examination,  to  be  testicles,  a  penis  with  hj 
spadia,  and  a  prostate ;  but  there  were  neither  vesicolsB  Bemi- 
nales  nor  vasa  deferentia.* 


Development  of  the  CinmlMorif  System. 

The  blood  and  the  blood-vessels  are  developed  very  earlj^l 
in  the  life  of  the  ovum,  and  make  their  appearance  nearly  as< 
soon  as  the  primitive  trace.    The  mode  of  development  of 

^  LAi76t£it,  ITwmetm  dfeffonAoire  de  mideeine^  eie,^  Firia,  187S,  tome  xriL,  p. 
ft05,  Article,  Hermapkreitma, 

Owing  to  errors  in  tbo  references  giTen  hj  Laugier,  we  have  not  been  able 
to  conHutt  the  onginfd  reports  of  the  two  cases  qaoted  above^    It  U  iinforw 
tttnate  that  no  montion  U  made  of  Graafian  follicles^  in  tbe  caae  quoted  ft^om  { 
Rokituneky,  and  that  the  detaila  of  the  case  quoted  from  Heppner  are  §o  Inooi 
plete. 
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tile  first  resselg  differs  from  tlmt  of  vessels  fonned  later, 
as  tbey  appear  de  iir/vo  in  the  blastodermic  layers,  while 
afterwardj  veesela  are  formed  as  prolongations  of  preexisting 
tubes.  Soon  after  the  external  and  the  internal  blastodermic 
membranes  have  become  separated  from  each  other,  and  the 
intermediate  membrane  has  been  formed  at  the  tliickened 
portion  of  the  ovnm  wliieh  is  destined  to  be  developed  into 
the  emhryon,  certain  of  the  blaBtodermic  cells  imdergu  a  trans- 
formation into  blocKl-coi-fJUScles,  These  are  lai^r  than  the 
blood-K^orfiuscles  of  the  adult,  and  are  generally  nucleated.' 
At  about  the  same  time,  it  may  be  before  or  after  the  ap- 
pearance of  the  corpuscles,  for  this  point  is  undetermined, 
certain  of  the  blastodermic  cells  fuse  with  each  other  and 
arrange  themselves  so  as  to  form  vessels.  Leucocytes  are 
probably  developed  in  the  same  way  as  the  red  corpuscles. 
The  vessels  thus  formed  constitute  the  area  vasculosa,  which 
is  the  beginning  of  what  is  known  as  the  first  circulation. 

It  is  evident  that  the  relations  of  the  embryon  at  differ- 
ent stages  of  development  must  require  certain  variations  in 
the  arrangement  of  the  circulatory  system.  The  ovnm  has, 
of  course,  no  vascular  connection  with  the  mother  before  the 
formation  of  the  allantois ;  it  has  undergone,  however,  a  eer- 
tain  degree  of  development,  and  pi-esents  a  circulatoiy  sys- 
tem, which  extends  over  the  nnibilical  vesicle.  This  stage 
of  development  of  the  vascular  system  constitutes  wliat  is 
known  as  the  first  circulation.  As  the  allantois  is  devel- 
Dped,  the  circulation  over  the  umbilical  vesicle  becomes  un- 
imjKirtant,  and  its  vessels  disappear.  Vessels  then  extend 
into  the  allantois,  are  finally  developed  into  the  fretal  por- 
tion  of  the  placenta,  and  what  is  known  as  the  second  circu- 
lation is  established.  This  circulation  continues  throughout 
intraruterine  life,  and,  as  we  know,  the  embryon  and  f<i*tiis 
depend  entirely  upon  the  placenta  for  materials  for  respira- 
tion, nutrition,  and  growth.     At  birth,  the  i-equirements  are 

*  For  tbe  dilR»reiio»  between  Uie  blood-ooqiuflcloe  of  the  emb^oa  uid  tba 
■dolt,  Bee  ToL  L^  CircdAtloo,  p.  U9. 
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again  changed.    The  plaoental  cireuktion  is  then  aboliahc 
and  the  arrangement  of  veesels  peculiar  to    it  disapj 
Now,  for  the  first  time,  the  pulmonary  circulation  be^n 
important.    All  the  blood  passes  through  the  limgs  before* 
it  is  sent  to  the  general  system,  the  two  sides  of  the  heart 
become  completely  separated  from  each  other,  and  the  thinly 
the  pulmonary,  or  adult  circulation,  is  established. 

The  Firatj  or  Viielline  OirctUatian, — In  the  develop- 
ment of  oviparous  animals,  the  first,  or  vitelline  eirealatian 
is  very  important ;  for,  by  these  vessels,  the  contents  of  the 
nutritive  yolk  are  taken  up  and  carried  to  the  einbiyoo,  con- 
stituting the  only  source  of  material  for  its  nutiitioii  and 
growth.  In  mammals,  however,  nutritive  matter  is  absorbed 
almost  exclusively  from  the  mother,  by  simple  endaeinofiia 
before  the  placental  circulation  is  established,  and  by  the 
cental  vessels,  at  a  later  period.  The  vitelline  circulation 
therefore  not  important,  and  the  vessels  disappear  with  the 
atrophy  of  the  umbilical  vesicle. 

The  area  vasculosa,  in  mammals,  consists  of  vessels  com- 
ing from  the  body  of  the  embryon,  forming  a  nearly  circular 
plexus  in  the  substance  of  the  vitellus,  around  the  embryou. 
The  vessels  of  this  plexus  open  into  a  sinus  at  the  border 
of  the  area,  called  the  sinus  terminalis.  It  is  probable  that 
these  vessels  are  developed  de  ruyvo  in  the  intermediate  blas- 
todermic layer,  and  are  not  preceded  by  a  distinct  mem- 
brane ;  but  such  a  membrane  has  been  described  under  the 
name  of  the  vascular  blastodermic  layer.* 

If  we  examine  the  ovum  when  the  area  vaeculosa  ia 
first  formed,  we  see  the  embryon  lying  in  the  direction  of 
the  diameter  of  the  nearly  circular  plexus  of  blood-veeaelfi. 
The  plexus  surrounds  the  embryon,  except  at  the  cephaUc 
extremity,  where  the  terminal  sinuses  of  the  two  sides  curve 
downward  toward  the  head,  to  empty  into  the  *  omphalo* 
mesenteric  veins.    As  the  umbilical  vesicle  is  separated  from 

*  BvKOiOB,  TVot/J  de  ph^fBioicf^e,  P»m,  1838,  toiDciil,  p.  502,  ri  §ef. 
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the  body  of  the  embryon,  it  carries  the  plexns  of  vessels  of 
the  area  vasculosa  vrith  it,  the  vessels  of  communication  with 
the  embryon  l>eing  the  omphalo-meeenteric  arteries  and  veins. 
Ae  these  processes  are  going  on,  the  great  central  vessel  of 
the  embryon  becomes  enlarged  and  twisted  upon  itself,  at  a 
point  just  below  the  cephalic  enlargement  of  the  embryon, 
between  the  inferior  extremity  of  the  pharynx  and  the  supe- 
rior cid-de-m>c  of  the  intestinal  canal.  The  excavation  which 
reoeives  this  vessel  is  called  the  fovea  cardiaea.  The  differ- 
ent stages  of  development  of  the  heart,  which  is  formed  of 
the  twisted  portion  of  the  central  vessel,  will  be  described 
farther  on.  Simple,  undulatory  movements  take  place  in  the 
heart  of  the  chick  at  about  the  middle  of  the  second  day  j 
but  there  is  not,  at  that  time,  any  regular  circulation.  At 
the  end  of  the  second  day  or  the  beginning  of  the  third,  the 
currents  of  the  circulation  are  established/  The  time  of  the 
first  appearance  of  the  circulation  in  the  human  embryon  has 
not  been  accurately  determined. 

In  the  arrangement  of  the  vessels  for  the  first  circulation 
of  the  embrj'on,  the  heart  is  situated  exactly  in  the  median 
line,  and  gives  off  two  arches  which  curve  to  either  side  and 
unite  into  a  single  central  trunk  at  the  spinal  column  below. 
These  are  the  two  aortte,  and  the  single  trunk  formed  l>y 
their  union  becomes  the  abdominal  aorta.  The  two  aortic 
arches,  one  of  which  only  is  permanent,  are  sometimes  called 
the  inferior  vertebral  arteries.  These  vessels  give  off  nu- 
merous branches,  which  pass  into  the  area  vasculosa.  Two 
of  these  branches,  however,  are  larger  than  the  others,  pass 
to  the  umbilical  vesicle,  and  are  called  the  omphalo-mesen- 
teric  arteries^  In  tlie  embryon  of  mammals,  there  are,  at 
first,  four  omphalo-me&enteric  veins,  two  superior,  wliich  are 
the  larger,  and  two  inferior ;  but,  as  development  advances, 
the  two  inferior  veins  are  closed,  and  we  then  have  two 
omphalo- mesenteric  arteries  and  two  oraphalo-meseuterie 
veinfii    At  about  the  fortieth  day,  one  arteiy  and  one  vein 

"  BrmiAOS,  Traiii  deph^twlo^e^  P«rU,  1S8S,  tome  UK,  pp.  510,  611 
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disappear,  an<l  we  have  then  but  one  omphalo-iiiesenteric  ar^l 
tery  and  one  vein,     Soun  after,  as  the  circulation   become»^i 
eetabliBhed  in  the  allantoia,  the  vessela  of  the  umbilical  vad- 
cle  and  the  omphalo-mesenteric  vessels  are  obliterated, 
the  first  circulation  is  superseded  by  the  second. 

As  the  septum  between  the  two  ventricles  makes  its  ap- 
pearance, that  division  of  the  right  aortic  arch  which  consti* 
tutes  the  vascular  portion  of  one  of  the  branchial  arches  dis- 
api>ears  and  loees  its  connection  with  the  abdominal  aarta ;  a 
braneb,  however^  persists  during  tlie  whole  of  iutra-uterine 
life,  and  constitutes  the  ductus  arteriosus ;  and  another  branch 
is  permanent,  forming  the  pulmonary  artery, 

I%Q  Seoondy  cr  Placental  CifHndaUon, — ^Ab  the  omphalo- 
mesenteric vessels  disappear,  and  as  the  allantois  is  developed 
to  form  tlie  chorion,  two  vessels,  the  hypogastric  arteries,  are 
given  off,  first  from  the  abdominal  aoita ;  but  afterward, 
the  vessels  going  to  the  lower  extremities  are  developed,  the 
branching  of  the  abdominal  aorta  is  such  tlmt  the  vessels  be- 
come connected  with  the  internal  iliac  arteries.  The  hypo- 
gastric arteries  pass  to  the  chorion  through  the  umbilical  cord, 
and  constitute  the  two  umbilical  arteries.  At  first,  there  are 
two  umbilical  veins ;  but  one  of  them  afterward  disappears, 
and  there  is  finally  but  one  vein  in  the  umbilical  conL  It  is 
in  this  way,  the  umbilical  arteries  carrying  the  blood  to  the 
tufts  of  the  fo3tal  placenta,  which  is  returned  by  the  tmibiU- 
cal  vein,  that  the  placental  cLi'culation  is  established. 

Corresponding  to  the  four  visceral  arches,  which  we  havB 
described  in  connection  mth  the  development  of  the  face,' 
are  four  vascular  arches.  One  of  these  disappears^  and  the 
remaining  three  undergo  certain  changes,  by  which  they  are 
converted  into  the  vessels  going  to  the  head  and  llie  supe- 
rior extremities.  The  anterior  arches  on  the  two  sides  are 
converted  into  the  carotids  and  subclavianB ;  the  second,  on 
the  left  side,  is  converted  into  the  permanent  aorta,  and  the 

*  See  page  411. 
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right  is  obliterated ;  the  third,  on  either  side,  is  converted  into 
the  right  and  left  pulmonary  arteries.  In  the  eai'ly  stages  of 
the  development  of  the  vaBctdar  system  of  manimalB^  the 
conditions  have  been  compared  to  the  pennanent  arrange- 
ment of  the  cireidatory  system  in  fishes.  The  heart  of  tishes 
remains  single ;  and  the  heart  of  mam- 
mals is  at  first  single,  but  afterward  be- 
comes divided,  by  the  development  of 
the  iiitra-ventrienkr  septmn.  The  bran- 
chial arches  in  fishes  are  permanent,  re- 
ceive all  tlie  blood  from  the  aortic  bidb, 
and  the  blood  from  these  arches  then 
passes  into  the  dorsal  aorta.  This  is 
very  nearly  the  condition  of  the  vascular 
system  when  the  branchial  aix^hes  fii'st 
appear  in  the  embryon  of  mammals. 

The  changes  of  the  braneliial  arclics 
which  we  liave  described  are  illustrated 
in  the  diagrammatic  Fig-  51.  In  this 
figure,  the  three  branchial  arches  that 
remain  and  participate  in  the  develop- 
ment of  the  npper  portion  of  the  vascu- 
lar system  are  1,  2,  3,  The  two  ante- 
rior (3)  l)ecome  the  carotids  (e)  and  the 
subclavians  (5).  The  second  (2)  is  ob- 
literated on  the  right  side,  and  l>eeomes 
the  arch  of  the  aorta  on  the  left  side. 
The  third  (1),  counting  from  above 
downward,  is  converted  into  the  pulmo- 
nary arteries  of  the  two  sides.  lI]>on  the 
left  side,  there  is  a  large  anastomosing 
vessel  {ca\  between  the  pulmonary  artery  of  that  side  and 
the  arch  of  the  aorta,  which  is  the  ductus  arteriosus.  The 
anastomosing  vessel  (cd)  between  the  right  pulmonary  artery 
and  the  aorta,  is  obliterated. 

*  Von  Bttor  describeil  fivt*  arches,  whilo  we  hove  idopted  bat  four.    Only 
three  of  these  archei,  howerer^  remiUQ  to  be  dereloped  into  permanent  ircseeU. 
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The  mode  of  development  of  the  veins  is  veiy  simple. 
Two  venous  trunks  make  their  appearance  by  the  sides  of 
the  spinal  column,  which  are  called  the  cardinal  veins,  and 
run  parallel  with  the  superior  vertebral  arteries,  or  the  two 
aortie,  emptying  finally  into  the  auricular  portion  of  the  heart 
by  two  canals,  which  are  called  the  canals  of  Cuvier.  These 
veins  change  their  relations  and  connections  as  the  first  cir- 
culation is  replaced  by  the  second,  Tlie  omplialo-mesenteric 
vein  opens  into  the  heart  between  the  two  canals  of  Cuvier. 
As  development  advances,  the  liver  is  formed  in  the  courBd 
of  this  vessel^  a  short  distance  below  the  heart,  and  the  vein 
ramifies  in  its  substance ;  so  that  the  blood  of  the  omphalo- 
me-senteric  vein  passes  through  the  liver  before  it  gets  to  the 
heart.  We  have  Been  that  the  omphalo-mesenteric  vein  is 
obliterated  as  the  umbiHcal  vein  makes  its  appearance.  The 
blood  from  the  nmbilieal  vein  is  at  first  emptied  directly  into 
the  heart ;  but  this  vessel  soon  establishes  the  same  relations 
with  the  liver  as  the  omphalo-mesenteric  vein,  and  its  blood 
pBfisee  through  the  liver  before  it  reaches  the  central  organ 
of  the  circulation.  As  the  omphalo-mesenteric  vein  atro- 
phies, the  mesenteric  vein,  bringing  the  blood  from  the  in- 
testinal canal,  is  developed,  and  this  penetrates  the  liver, 
becoming,  finaDy,  the  i>ortal  vein. 

As  the  lower  exti-emities  are  developed,  the  inferior  ve 
cava  makes  its  appearance  between  the  two  inferior  < 
veins.    This  vessel  receives  an  anastomosing  branch  from 
the  lumbilical  vein,  before  it  penetrates  the  liver,  and 
branch  is  the  ductus  venosus.    As  the  inferior  vena  cava  h 
creases  in  size,  it  communicates  below  with  the  two  inferior 
cardinal  veins ;  and  that  portion  of  the  two  inferior  car 
veins  which  remains  constitutes  the  two  iliac  veins.    The 
ferior  cardinal  veins,  between  that  portion  which  forms  tb^ 
iliac  veins  and  the  heart,  finally  become  the  right  and  the  leit^ 
azygos  veins. 

The  right  canal  of  Cuvier,  as  the  upper  extremities 
developed,  enlarges  and  becomes  the  vena  cava  descendens,  r^^ 
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ceiving,  finally,  all  the  blood  from  the  head  and  the  superior 
extremities-  The  left  canal  of  Cuvier  undergoes  atrophy, 
and  finally  disappears.  The  upper  portion  of  the  superior 
cardinal  veins  is  developed  into  the  jugulars  and  subckviana 
on  the  two  sides.  As  the  lower  portion  of  the  left  cardinal 
vein  and  the  left  canal  of  Cuvier  atrophy,  a  venous  trunk  ap- 
pearSy  connecting  the  left  subclavian  with  the  right  canal  of 
Cuvier.  This  increases  in  size  and  becomes  the  left  vena  in- 
nominata,  which  connects  the  left  subclavian  and  internal 
Jugular  with  the  vena  cava  descendens. 

DevehpmetU  of  the  Seart, — The  central  enlargement  of 

the  vascular  system  in  the  first  circidation,  which  becomes  the 
heart,  is  twisted  upon  itself  by  a  single  turn.  The  portion 
connected  with  tlie  cephalic  extremity  of  the  embryon  gives 
origin  to  the  arterial  system,  and  the  portion  connected  with 
the  caudal  extremity  receives  the  blood  from  the  venous  sys- 
tem. The  walls  of  the  arterial  portion  of  the  heart  soon  be- 
come thickened,  while  the  walls  of  the  venous  portion  re- 
main comparatively  thin.  There  then  appears  a  constriction, 
which  partly  separates  the  auricular  from  the  ventricular  por- 
tion.  At  a  certain  period  of  development,  the  heart  presents 
a  single  auricle  and  a  single  ventricle. 

The  division  of  the  heart  into  two  ventricles  appears  be- 
fore the  two  auricles  are  separated.  This  is  effected  by  a 
septum,  which  gradually  extends  from  the  apex  of  the  heart 
upward  toward  the  auricular  portion.  At  the  seventh  week, 
there  is  a  large  opening  between  the  two  ventricles.  This 
gradually  closes  from  below  upward,  the  heart  becomes  more 
pointed,  and  the  separation  of  the  two  ventricles  is  complete 
at  about  the  end  of  the  second  month** 

At  al>out  the  end  of  the  second  month,  a  septum  begins 
to  be  formed  between  the  auricles.  This  extends  from  the 
base  of  the  heart  toward  the  ventricles,  but  leaves  an  open- 
ing between  the  two  sides,  the  foramen  ovale,  or  the  foramen 

1  BtniDACB,  TraiU  dt  ph;/9ioiogi0^  PkHs^  1S88,  tome  lit.,  p.  514. 
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of  Botal,  wliicli  persists  during  the  whole  of  foetal  life.  At 
the  anterior  edge  of  the  opening  of  the  vena  cava  ascendens 
into  the  right  auricle,  there  is  a  membranous  fold,  which 
projects  into  the  auricle.  This  is  the  valve  of  Eostachiiis, 
and  it  divides  the  right  auricle  incompletely  into  two  por- 
tions. 

During  the  sixth  week,  the  heart  is  vertical  and  situ- 
ated in  the  median  line,  with  the  aorta  arising  from  the  cen- 
tre of  its  base.  At  the  end  of  the  second  month,  it  is  raised 
up  by  the  development  of  the  liver,  and  its  point  presents 
forward.  During  the  fourth  month,  it  is  twisted  slightly 
upon  its  axis,  and  the  point  presents  to  the  left.  At  this 
'time,  the  auricular  portion  is  larger  than  the  ventricles ;  but 
the  auricles  diminish  in  their  relative  capacity  during  the  lat- 
ter haK  of  intra-uterine  life.  The  pericardium  makes  its  ap- 
pearance during  the  ninth  week.' 

Early  in  intra-uterine  life,  the  relative  size  of  the  heart  is 
very  great.  At  the  second  month,  its  weight,  in  proportion 
to  the  weight  of  the  body,  is  1  to  50.  This  proportion,  how- 
ever, gradually  diminishes  until,  at  birth,  the  ratio  is  1  to  120. 
The  proportionate  weight  in  the  adult  is  about  1  to  160.* 
During  about  the  first  half  of  intra-uterine  life,  the  thickness 
of  the  two  ventricles  is  nearly  the  same ;  but,  after  that  time, 
the  relative  thickness  of  the  left  ventricle  gradually  increases. 

Peculiarities  of  the  Fcetal  Circulation. — ^In  studying  the 
complete  course  of  the  blood  in  the  fcjetus,  which  constitutes 
the  second,  or  the  placental  circulation,  we  note  peculiarities 
in  two  portions  of  the  circulatory  system.  In  tlie  one,  a  pe- 
culiar arrangement  is  necessitated  by  the  passai^e  of  blood  to 
and  from  the  placenta ;  and  in  the  other,  the  character  of  the 
blood  coming  from  the  placenta  necessitates  a  peculiar  ar- 
rangement of  the  heart  and  the  great  vessels. 

The  branches  from  the  internal  iliac  arteries,  which  pass 

*  BuRDAcn,  Traitk  de  physiologic^  Paris,  1838,  tome  iii.,  p.  615. 
'  QuAiN,  Elements  of  AruUomi/^  London,  1867,  vol  i.,  p.  32*7. 
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to  tlie  fcttal  tufts  of  the  placenta,  do  not  exist  in  the  adult. 
The  ductus  venosus,  which  conveys  a  portion  of  the  blood  of 
the  umbilical  vein  to  the  vena  cava  aficendens,  and  the  um- 
bilical vein  itself  do  not  exist  in  the  adult. 

The  Eujstftchian  valve,  situated  at  the  inner  margin  of  the 
vena  cava  ascendens  as  it  opens  into  the  right  auricle,  does 
not  exist  in  the  adult.  The  foramen  ovale,  or  the  ojH^ning 
between  the  right  and  the  left  auricle,  through  which  the 
blood  from  the  vena  cava  asoendens  is  directed  into  the  left 
auricle,  does  not  exist  in  thfe  adult.  The  ductus  arteriosus, 
which  conveys  the  blood  from  the  left  pulmonary  aitery  to 
the  arcli  of  the  aorta,  does  not  exist  in  the  adult.  In  the 
adult,  the  pulmonary  arteries  receive  all  the  blood  from  the 
right  ventricle.  In  the  foatus,  the  pulmonary  arteries  receive 
a  small  quantity  of  blood,  as  compared  with  that  which  passes 
to  the  aorta  through  the  ductus  arteriosus. 

Keeping  in  view  these  peculiarities  of  the  circulatory  a[> 
pamtus,  the  entire  course  of  the  blood,  during  fcetal  life,  is 
as  follows ; 

lleginning  with  the  al»dominal  aorta,  we  follow  the  course 
of  blood  into  the  two  primitive  iliaes,  and  thence  into  the 
internal  iliaca.  From  the  two  internal  iliac«,  the  two  hyj>o- 
gastric  arteries  arise,  which  ascend  along  the  sides  of  the 
bladder  to  its  fundus,  thence  pass  to  the  umbilicus,  and  go  to 
the  placenta,  forming  the  two  umbilical  arteries.  In  this 
way,  tlie  blood  of  the  fti?tuB  goes  to  the  placenta. 

The  umbiUcal  vein  enters  the  body  of  tJie  fojtus  at  tlie 
umbilicus ;  passes  along  the  margin  of  the  suspensoiy  liga- 
ment to  the  under  surface  of  the  liver ;  gives  oflE  one  branch 
of  large  size,  and  one  or  two  smaller  branches  to  the  left  lobe ; 
a  branch  each  to  the  lobus  quadra tus  and  the  lobus  Spigelii ; 
and  the  vessel  reaches  the  transverse  fissure.  At  the  trans- 
verse fissure,  it  divides  into  two  branches,  the  larger  of  which 
joins  the  portal  vein  and  enters  the  liver ;  and  the  smaller, 
which  is  the  ductus  venosus,  passes  to  the  vena  cava  ascendens, 
at  the  point  where  it  receives  the  left  hepatic  vein.    Thus,  the 
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gi^eater  piirt  of  the  blood  returned  to  the  foetus  from  the  ^ 
centa  passes  through  the  liver,  a  relatively  small   quantity 
being  emptied  into  the  vena  cava  by  the  ductiis  venosus. 

The  vena  cava  ascendens,  containing  the  plaeenfej  blood 
which  has  passed  through  the  liver,  the  blood  conveyed  di- 
rectly from  the  imibilical  vein  by  the  ductus  venosii%  and 
the  blood  from  the  lower  extremitiesj  passes  to  the  right  an- 
riele.  As  the  blood  enters  the  right  auricle,  it  is  directed  by 
the  Eustachian  valve,  passing  behind  the  valve,  through  the 
foramen  ovale,  into  the  left  auncle.  At  the  same  time,  the 
blood  from  the  head  and  the  superior  extremities  passes  down, 
by  the  vena  cava  descendens,  in  front  of  the  Eustachian  valve, 
tlm>ugh  the  right  auricle,  into  the  right  ventricle*  The  ar- 
rangement of  the  Eustachian  valve  is  such,  that  the  right  au- 
ricle simply  affords  a  passage  for  the  two  currents  of  blood  ; 
the  one,  from  the  vena  cava  ascendens,  tlirough  the  foramen 
ovale,  passes  into  the  left  auricle  and  the  left  ventricle  ;  and 
the  other,  from  the  vena  cava  descendens,  passes  through  the 
right  auriculo-veutricular  opening,  into  the  right  ventricle.  It 
is  probable,  indeed,  that  there  is  very  little  admixture  of  these 
two  currents  of  blood  in  the  natural  course  of  the  foetal  cir- 
culation, Reid  injected  the  vena  cava  ascendens  with  red, 
and  the  vena  cava  descendens  with  yellow,  in  a  ffiatos  of 
seven  months,  and  found  very  little  mixture  of  the  two  col- 
ors in  the  passage  of  the  injected  material  through  the  right 
auricle.' 

The  blood  poured  into  the  left  auricle  from  the  vena  cava 
ascendens  through  the  foramen  ovale  passes  from  the  left 
auricle  into  the  left  ventricle.  The  left  auricle  and  the  left 
ventricle  also  receive  a  small  quantity  of  blood  from  the 
lungs,  by  the  pulmonary  veins.  Thus  the  left  ventricle  is 
filled.  At  the  same  time,  the  right  ventricle  is  filled  with 
blood  which  has  passed  through  the  right  auricle,  in  front  of 

*  Rkip,  If^eetiom  of  the  VeMd»  of  the  Fittm^  to  show  tome  of  the  P&uHnri- 
Hit  of  ilt  Cireuiititon^—PhtflioloffkQl  Anai&mk^  <md  Patkal&gical  Rmearchet^ 
Bdinburgh,  1848,  p.  889. 
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tlie  Eustachian  valve.  The  two  ventricles,  thus  distended, 
then  contract  simultaneously.  The  blood  from  the  right 
ventricle  passes  in  small  quantity  to  the  Inngs,  the  greater 
pait  passing  through  the  ductiiB  arteriosus  into  the  descend- 
ing portion  of  the  arch  of  the  aorta.  This  duct  is  short, 
half  an  inch  in  length,  and  ahout  the  size  of  a  goose-quiU, 
The  blood  from  the  left  ventricle  passes  into  the  aorta  and 
goes  to  the  system.  The  veeeela  of  the  head  and  superior 
extremities  being  given  oflf  from  the  aorta  before  it  rec^eives 
the  blood  from  the  ductus  arteriosufi,  these  parts  receive  al- 
most  the  pure  blood  from  the  vena  cava  ascendens,  the  only 
mixture  with  the  placental  blood  l>eing  the  blood  from  the 
lower  extremities,  the  blood  from  the  portal  system,  and  the 
email  amount  of  blocMl  received  from  the  lungs.  After  the 
aorta  has  received  the  blood  from  the  ductus  arteriosus,  how- 
ever, it  is  mixed  blood ;  and  it  is  this  which  supplies  the  tnmk 
and  lower  extremities.  This  is  one  of  the  reaaons  assigned 
by  physiologists  for  the  greater  relative  development  of  the 
upper  parts  of  the  footus. 

In  Fig.  52,  which  is  partly  diagrammatic,  the  foetal  circu- 
lation is  illustrated.  In  endeavoring,  in  this  figure,  to  give 
a  clear  idea  of  the  second  circulation,  we  have  not  attempted 
to  presen-e  the  exact  relations  or  the  relative  size  of  the  or- 
gans. We  have  endeavored  to  represent,  by  dotted  lines,  the 
Eustachian  valve,  the  foramen  ovale,  and  the  two  auriculo- 
ventricular  orifices.  The  liver,  which  is  smaller  in  the  di^ 
gram  than  it  really  is,  and  the  bladder  are  represented  by 
dotted  lines. 

There  can  be  no  doubt  that  the  foetus  derives  materials 
for  its  nutrition  and  growth  from  the  placenta,  and  that  this 
also  serves  as  a  respiratory  organ.  In  another  volume,'  under 
the  head  of  respiration  before  birth,  we  have  stated  that 
"  Legallnis  frequently  observed  a  bright-red  color  in  the  blood 
of  the  umbilical  vein ;  and,  on  alternately  compressing  and 
releasing  the  vessel,  he  saw  the  blood  change  in  color  succes- 
>  See  Tol  L,  Reapiretiou^  p.  i8t. 
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sively  from  red  to  dark  and  from  dark  to  roiV^  This  dif- 
ference in  color  between  the  blood  of  the  umbilical  arteriee 
and  of  tlie  umbilical  rein  has,  however,  been  denied  by  some 
authors,  who  state  that  all  of  the  fcetal  blood,  while  it  is  of 
nearly  a  uniform  color,  is  lighter  than  the  venous  blood  of 
the  adult ;  *  but  Dalton,  in  a  dii*ect  observation  upon  a  eat, 
"  nearly  arrived  at  the  term  of  pi^egnancy,"  noted  that  "  the 
difference  in  color  between  the  umbilical  arteries  and  veins 
was  very  distinct.  They  were  both  dark^  but  the  color  of  the 
veins  was  very  decidedly  more  ruddy  than  that  of  the  arte- 
ries ;  »'.  e,,  the  blood  in  the  umbilici  arteries  was  of  the  color 
of  the  ordinary  venous  blood,  while  that  of  the  imibilical 
veins  had  a  color  midway  between  the  ordinary  venous  and 
arterial  hues.  All  the  foetuses  were  healthy,  and  moved 
briskly  after  being  taken  out  of  the  uterus,"  * 

There  are  mmierous  observations  showing  that  the  f  oetoB 
in  utetv  makes  respiratory  efforts  when  the  umbilical  vessels 
are  compressed/  We  believe  that  these,  as  well  as  the  fiiist 
respiration  after  birth,  are  due  to  a  want  of  oxygen  in  the. 
general  system  of  the  foetus,  and  think  that  we  have  demon- 
Btratetl  this  fact  by  experiments.  This  point  has  already 
been  elal>orately  discussed  in  another  volume.*  If  our  ex- 
periments and  the  deductions  drawn  from  them  be  connect, 
there  can  be  no  doubt  with  regard  to  the  respiratory  func- 
tion of  the  placenta,  althongb,  as  far  as  we  know,  there  has 
never  been  an  accurate  comparij?^on  of  the  gases  contained  in 
the  blood  of  the  umbilical  arteries  and  the  umbilical  vein. 


77w?  TJiirdy  or  Adult  Circulation. — ^When  the  child  is 
bom,  the  placental  circulation  is  suddenly  arrested.     After  a 

1  ROBLJ^,  Ltfwt*  tur  let  hmimtr§^  Pvia,  iS6l,  p.  116. 

*  Dalton^  The  PAytuk^j/  of  tht  dradaiion. — Amtrkai^  Mtdkal  Monihl^^ 
Now  Tork,  November^  18dO»  p.  340. 

*  B,  8.  SCBULTJEI,  Der  Sehrinfod  JWm^f^rmrr,  Jenii,  1871»  S.  6i»  ti  fiy. 
Tbla  is  a  rerj  eUborate  memoir^  io  which  numerous  rcfcrcucea  lo  eipeti- 

tnenta  are  ^reo. 

^  See  Tol  L,  Be»piraiioii»  p.  i19,  et  §eq. 
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ebort  time,  the  sense  of  want  of  air  becomes  sufficiently  int 
to  give  rise  to  an  inspiratory  effort,  and  the  lirbt  inspiratiog'' 
is  made.  The  puknonary  organs  are  then,  for  the  first  time, 
distended  with  air,  the  pulmonary  arteries  carry  the  greatest 
part  of  the  blood  from  the  right  ventricle  to  the  Imige,  and  a, 
new  circtdation  is  established*  During  the  later  periods  < 
f cetal  life,  the  heart  is  gradually  prepared  for  the  new  cur- 
rents of  blood.  The  foramen  ovale,  which  is  largest  at  the 
sixth  month,  after  that  time,  is  partly  occluded  by  the  gradu- 
al growth  of  a  valve,  which  extends  from  below  upward  and 
from  behind  forward,  upon  the  side  of  the  left  auricle.  The 
Eustachian  valve,  which  is  also  largest  at  the  sixth  month, 
graduaUy  atrophies  after  this  time,  and,  at  full  term,  has  nearly 
disappeared.  At  birth,  then,  the  Eustachian  valve  is  practi* 
cally  absent ;  and,  after  pulmonary  respiration  becomes  estab- 
lished, the  foramen  ovale  has  nearly  closed.  The  arrange- 
ment  rrf  the  valve  of  the  foramen  ovale  is  such,  that,  at  birth, 
a  small  quantity  of  blocrtl  maj^  pass  from  the  right  to  the  left 
auricle,  but  none  can  pass  in  the  opposite  direction.  The  sit- 
uation of  the  Eustachian  valve,  on  tlie  right  side  of  the  inter- 
auricular  septum,  is  marked  by  an  oval  depression,  called  the 
fossa  ovalis. 

As  a  congenital  malformation,  the  foramen  ovale  may  re- 
main open,  producing  the  condition  known  as  cyanosis  neo- 
natonim.  This  may  continue  into  adiUt  life,  and  is  then  at- 
tended T^^th  more  or  less  disturbance  of  respiration  and  diffi- 
culty in  maintaiBing  the  normal  heat  of  the  body.  TTsuaUy, 
the  foramen  ovale  is  completely  closed  at  about  the  tenth 
day  after  birth.  The  ductus  arteriosus  begins  to  contract  at 
birth,  and  is  occluded,  being  reduced  to  the  condition  of  an 
impervious  cord,  at  from  the  third  to  the  tenth  day. 

"Wlien  the  placental  circulation  is  an-ested  at  birth,  the 
hypogastric  arteries,  the  umbilical  vein,  and  the  ductus  veno- 
sus  contract,  and  they  become  impervious  at  from  the  second 
to  the  fourth  day.  The  hypogastric  arteries  remain  pervioiLS 
at  their  lower  portion,  and  constitute  the  superior  vesical 
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arteries.  A  rounded  cord,  which  is  the  remnant  of  the 
mnbilical  vein,  forms  the  round  ligament  of  the  liver.  A 
slender  cord,  the  remnant  of  the  ductus  yenosus,  is  lodged 
in  a  fissure  of  the  liver,  called  the  fissure  of  the  ductus 
venosus. 

A  history  of  the  development  of  the  various  tissues  of 
the  body  belongs  really  to  general  anatomy,  and  is  usually 
given  in  works  specially  devoted  to  that  subject.  We  have 
only  treated  of  it  incidentally,  in  our  account  of  the  develop- 
ment of  the  various  organs  and  systems. 


CHAPTER  XIX. 

FCETAL  LIFE — ^DEVELOPMENT  AFTER  BIBTH — ^DEATH. 

Enlargement  of  the  uteros  in  pregnancy — Duration  of  pregnancy — Size,  w^gfat, 
and  position  of  the  foetus — ^The  foetus  at  different  stages  of  intra-aterine 
life — Multiple  pregnancy — Cause  of  the  first  contractions  of  the  uteroa  in 
normal  parturition — Involution  of  the  uterus — ^Meconium — ^Dextral  pre- 
eminence—Development  after  birth — ^Ages — ^Death — Cadaveric  rigidity-* 
Putrefaction. 

As  the  development  of  the  ovum  advances,  the  uterus  is 
enlarged  and  its  walls  are  thickened.  The  form  of  the  organ, 
also,  gradually  changes,  as  well  as  its  position.  Immediately 
after  birth,  its  weight  is  about  a  pound  and  a  half,  while  the 
virgin  uterus  weighs  less  than  two  ounces.  It  is  a  remark- 
able fact,  demonstrated  upon  the  living  subject,  by  Prof.  I. 
E.  Taylor,  of  If  ew  York,  that  the  neck  of  the  uterus,  while 
it  becomes  softer  and  more  patulous  during  pregnancy,  does 
not  change  its  length,  even  in  the  very  latest  stages  of  utero- 
gestation.*     This  fact  is  in  opposition  to  the  statements  of 

'  Taylor,  On  the  Nonrthoriening  of  the  Supra  and  Infra  -  Vaginal  Portion 
of  the  Cervix  Uteri  up  to  the  End  of  Pregnancy. — American  Medical  Tunet, 
New  York,  1862,  vol.  iv.,  p.  842,  ei  seq. 

The  opinions  of  obstetricians  with  regard  to  the  condition  of  the  cervix 
uteri  at  the  later  periods  of  pregnancy,  anterior  to  the  observations  of  Prof. 
Taylor,  were  based  chiefly  upon  digital  examinations,  which  are  very  deceptive. 
Dr.  Taylor's  observations,  which  are  entirely  conclusive,  were  made  both  with 
the  touch  and  the  speculum.  In  1860,  Prof  Dalton  stated,  as  the  result  of  post- 
mortem examinations,  "  that  neither  the  os  internum  nor  os  externum  disap- 
peared at  all,  even  up  to  the  end  of  the  ninth  month."  {Proceedings  of  the 
Kevo  York  Pathological  Society. ^Nevo  York  Journal  of  Medicine,  1860,  Third 
Series,  vol.  viii.,  p.  253.)  A  very  elaborate  historical  review  of  the  subject,  re- 
ferring particularly  to  the  views  advanced  by  Stoltz,  about  the  year  1826,  and  to 
the  opinions  of  the  older  writers,  is  given  by  Dr.  Matthews  Duncan,  in  his  R^ 
iearcTies  in  Obstetrics,  New  York,  1868,  p.  243,  et  seq. 
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most  obstetricians,  who  believe  that  the  os  intemxim  dihites, 
and  that  the  neck  is  gradually  absorbed,  as  it  were,  by  the 
body  of  the  ntems,  during  the  later  months  of  pregnancy. 

We  have  already  studied  the  remarkable  changes  which 
take  place  in  the  mucous  membrane  of  the  uterus  during 
pregnancy  and  the  mode  of  formation  of  the  decidua,  and 
we  have  seen  that  the  mucous  membrane  of  the  neck  does 
not  participate  in  these  changes  and  is  not  thrown  off  in  par- 
turition.  The  only  change,  indeed,  which  we  note  in  the 
neck,  aside  from  the  softening  of  its  texture,  is  the  secretion 
of  the  plug  of  mucus  which  closes  the  os. 

The  changes  in  the  walls  of  the  uterus  during  pregnancy 
are  very  important-  The  blood-veseek  become  much  enlarged, 
and  the  muscular  fibres  inci'ease  inmiensely  in  size,  so  that 
their  contractions  are  very  powerful  when  the  foetus  is  ex- 
pelled- 

It  is  evident  that,  on  accomit  of  the  progressive  incrH?Ase 
in  the  size  of  the  utenis  during  pregnancy,  it  cannot  i-emain 
in  the  cavity  of  the  pelvis  at  the  later  months.  During  the 
first  three  months,  however,  when  it  is  not  too  large  for  the 
pelvis,  it  sinks  back  into  the  hollow  of  the  sacrum,  the  fundus 
being  directed  somewhat  backward,  with  the  neck  presenting 
downward,  forward,  and  a  little  to  the  left.  After  this  time, 
however,  the  increased  size  of  the  organ  causes  it  to  extend 
into  the  abdominal  cavity,  so  that  its  fundus  eventually  reaches 
the  epigastric  region.  Its  axis  then  has  the  geneml  direction 
of  the  axis  of  the  superior  strait  of  the  pelvis. 

The  enlargement  of  the  uterus  and  the  necessity  of  car- 
rying on  a  greatly-increased  circulation  in  its  walls  during 
pregnancy  are  attended  with  a  temporary  hj^jertrophy  of  the 
heart.  According  to  Kobin,  it  is  maiidy  the  left  ventricle 
which  is  thickened  during  utero-gestation,  and  the  increase  in 
the  weight  of  the  heart  at  full  term  amounts  to  more  than 
one-fiftk^  After  delivery,  the  weight  of  the  heart  soon  re- 
turns to  nearly  the  normal  standard* 

*  Lmni  ET  Robin,  Didionnaire  d$  m^deeine,  Pins,  18^3,  Aiticle»  Ccmr. 


446 


OENEEATIOK* 


DuroMon  of  Pregncmcy. — The  duration  of  pregnancf^i 
dating  from  a  fruitful  intercourse,  must  be  considered  aa 
riable,  within  certain  limits.    The  method  of  ealculatiosi 
most  in  uae  by  obBtetricians  is,  to  date  from  the  end  of  tliaj 
last  menstrual  period.    Dr.  Matthews  Duncan^  who  has  madei 
quite  a  number  of  observationfl  upon  this  point,  statea  tliat 
the  27Sth  day  after  the  end  of  the  last  menses  is  the  sr^*ags«J 
day  of  delivery;  but  he  admits  that  his  method  of  calcnlattoii 
is  rough,  though  he  cannot  find  any  that  id  more  reliable. 
The  observations  upon  which  this  opinion  is  based  are  the| 
follo\\*ing :  The  day  was  predicted  in  153  cases;  in  10  Gade%l 
confinement  occurred  on  Uie  exact  day ;  in  80  cases,  the  con- 
finement occurred  sooner,  presenting  an  average  of  7  days  for 
each  case ;  and,  in  %Z  cases,  the  confinement  occurred  later, 
presenting  an  average  of  8  days  for  each  case.*    The  great 
difficulty  in  predicting  the  exact  time  of  confinement,  wiucli  ia« 
very  important  in  practice,  is  mainly  due  to  the  comparatively 
small  nxmiber  of  reliable  observations  in  which  the  pregnancy 
can  be  dated  from  a  single  intercourse,  or  intercourse  oocui^ 
ring  within  two  or  tliree  days.  We  have  received  from  Pi\>f. 
Fordyce  Barker  the  following  very  interesting  acconnt  of  a 
case  in  which  this  observation  was  made,  in  his  own  practice : 
A  lady  concerning  whom  there  could  be  no  suspicion  o£  in* 
accuracy,  residing  in  New  York,  received  a  vieit  from  her 
husband,  after  a  long  interval  of  absence.    He  arrived  in 
this  city  from  New  Orleans,  remained  thirty-six  hours,  and 
then  went  to  Europe,  where  he  remained  for  four  months. 
Exactly  298  days  from  the  date  of  the  first  visit  of  the  hus- 
band, the  lady  was  confined  and  deltvere<i  by  Prof.  Barker. 
This  occurred  in  1852.'    Taking  into  account  tlie  variona 
oases  which  are  quoted  by  authors,  in  which  conception  haa 
been  supposed  to  follow  a  single  coitus,  thei*e  appears  to  be  a 
range  of  variation  in  the  duration  of  pregnancy,  according 

^  J.  Matthxws  DcivcAirf  FecwidU^^  Ftrtilify,  Sterility  and  Allied  Topiat^ 

KcwYork,  ISTl,  p.  449. 

*  Conununicatiou  from  Prof.  Barker, 
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to  Leidunan,  of  no  less  than  40  days,  tlie  extremeB  being  260 
and  300  (lays/ 

In  the  very  interesting  observations  of  Knndrat  and  En- 
gebnann,  on  the  changes  of  the  ntcrine  mucous  membrane 
during  menstruation,  to  whici  we  have  already  referreti,*  the 
idea  is  advanced  that  pregnancy  dates  really  from  a  men- 
strual period  which  is  prevented,  as  far  as  a  discharge  of 
blood  is  concerned,  by  fecundation  of  an  ovum,  and  not  from 
the  period  immediately  jjreceding,  in  which  the  flow  takes 
place,'  If  we  adopt  this  view,  the  changes  in  the  mucous 
membnme  of  the  uterus  ordinarily  terminate  in  a  fatty  de- 
generation of  the  vascular  walls,  which  results  in  a  capillary 
haemorrhage  ;  if,  however,  an  ovum  be  fecxmdated,  the^e 
changes  do  not  pass  into  fatty  degeneration^  but  advance  to 
an  hypertrophy,  w^hich  is  the  fii-st  stage  in  the  formation  of 
the  decidua.  This  view  was  advanced,  a  short  time  before  the 
publication  of  the  researches  of  Kundrat  and  Engelmann,  by 
Loewenhardt,  in  a  veiy  elaborate  clinical  memoir  upon  the 
duration  of  pregnancy.*  The  arguments  in  opposition  to 
this  method  of  calculating  the  duration  of  pregnancy  are  the 
following :  The  time,  with  relation  to  the  menstrual  flow,  at 
whicli  an  ovum  is  discharged  has  not  been  accurately  deter- 
mined ;  and  it  is  certain  that  ovulation  frequently  does*  not 
take  place  until  after  the  flow  of  blood  has  been  established. 
This  question  we  have  fully  considered  in  a  previous  chapter/ 
It  is  probable,  also,  that  intercourse  is  most  liable  to  be  fol- 
lowed by  fecundation,  when  it  occurs  just  after  the  cesation 
of  a  menstrual  period,  and  when  the  female  often  presents 
unusual  sexual  excitement ;  but  it  i^  true  that  fecimdation  may 
follow  intercourse  at  any  time.    If  we  admit  that  fecundation 

1  LEisBMAiir,  %armi  of  Mtdm/try,  Glasgow^  1873,  p.  188* 

*  See  page  306, 

*  KuxDOAT  im)  Ekoilm AMir,  UfUmrmuihunffm  iiber  die  UkrvmehteimhauL'-' 
Mtdmmtche  Jahrh&i^er,  Wifm,  1878,  a  US. 

*  LovwxiTBAiOT,  J>ie  JStrMAfitN^  w»d  di«  Ikmef  dmr  BehwatMencKaft. — 
AreMv/ur  GyiMikoioffk,  Berlin,  1872,  Bd.  iil^  S.  450,  ei  t0f. 


^  See  page  298. 
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dates  more  nearly  from  a  menstmal  period  prevented  than 
from  the  last  appearance  of  the  flow,  it  would  be  necessaiy  to 
assume  that  ovulation  usually  takes  place  before  the  flow,  and 
fecundation  would  be  most  liable  to  follow  intercourse  oocnr- 
ring  at  that  time ;  for  we  could  hardly  admit  that  an  ovum, 
fecundated  at  the  cessation  of  a  menstrual  period,  conld  re- 
main in  the  generative  passages  of  the  female  for  two  or 
three  weeks,  before  the  mucous  membrane  of  the  uterus  is 
prepared  for  its  reception.  These  facts  are  so  strong,  that 
the  view  advanced  by  Loewenhardt,  and  apparently  supported 
by  the  researches  of  Kundrat  and  Engelmann,  cannot  yet  be 
adopted  without  reserve. 

As  regards  the  practical  applications  of  calculations  of 
the  probable  duration  of  pregnancy  in  individual  cases,  we 
must  recognize  the  fact  that  the  duration  is  variable.  If  we 
date  from  the  end  of  the  last  menstrual  period,  we  may 
adopt  the  average  of  278  days,  a  little  more  than  nine  calen- 
dar months.  If  we  adopt  the  view  that  pregnancy  dates 
from  a  menstrual  period  which  has  been  prevented,  the  dura- 
tion of  intra-uterine  life  would  be  about  250  days. 

She,  Weighty  and  Position  of  the  Fostus. — The  estimates 
of  writers  with  regard  to  the  size  and  weight  of  the  em- 
bryon  and  foetus  at  different  stages  of  intra-uterine  life  pre- 
sent very  wide  variations ;  still,  it  is  important  to  have  an 
approximative  idea,  at  least,  upon  these  points,  and  we  shall 
adopt  the  figures  given  by  Scanzoni,  as  presenting  fair  aver- 
ages. As  the  measurements  and  weights  are  simply  approxi- 
mative, the  slight  differences  between  the  German  and  the 
English  standards  are  not  important.  It  will  be  useful,  also, 
to  give,  as  is  done  by  Scanzoni,  a  review  of  the  general  de- 
velopment of  the  organs  at  different  stages.* 

At  the  third  week,  the  embryon  is  from  two  to  three 
lines  in  length.  This  is  about  the  earliest  period  at  which 
measurements  have  been  taken  in  the  normal  state. 

'  Scanzoni,  Lchrbuch  der  Geburtshil/e,  Wien,  1867,  Bd.  L,  a  89,  d  seq. 
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At  the  seventh  week,  the  enibiyon  raeasures  about  nine 
lines.  Points  of  ossification  have  appeared  in  the  clavicle 
and  the  lower  jaw ;  the  Wolffian  bodies  are  large ;  the  pedicle 
of  the  umbilical  vesicle  is  very  much  reduced  in  size ;  the 
internal  organs  of  generation  have  just  appeared ;  the  liver 
is  of  large  size ;  the  lun^  present  several  lobules. 

At  the  eighth  week,  the  embryon  is  from  ten  to  fifteen 
lines  in  k^ngth.  The  lungs  begin  to  receive  a  small  quantity 
of  blo<:Kl  from  the  pulmonary  arteries ;  the  extemal  organs 
of  generation  have  appeared,  but  it  is  difficult  to  determine 
the  sex  ;  the  abdominn.1  walls  have  close*!  over  in  front. 

At  tlie  third  monthj  the  enxbryon  is  from  two  to  two  and 
a  half  inches  long,  and  weighs  about  one  ounce*  The  amni- 
otic fluid  is  then  more  abundant,  in  proportion  to  the  size  of 
the  embryon,  than  at  any  other  period.  The  umbilical  cord 
begins  to  be  twisted ;  the  various  glandular  organs  of  the  ab- 
domen appear ;  the  pupillary  membrane  is  formed ;  the  limi- 
tation of  the  placenta  has  become  distinct.  At  this  time,  the 
upper  part  of  the  embryon  is  relatively  much  larger  than  the 
lower  portion. 

At  the  end  of  tlie  foiuth  month,  the  embryon  becomes 
the  foetus.  It  is  then  from  four  to  five  inches  long,  and 
weighs  about  five  ounces.  The  muscles  begin  to  manifest  con- 
tractility ;  the  eyes,  mouth,  and  nose  are  closeii  ;  the  gall-blad- 
der is  just  developed ;  the  f ontanelles  and  sutures  are  wide. 

At  the  fifth  month,  the  fcetus  is  from  nine  to  twelve 
inches  long,  and  weighs  from  five  to  nine  ounces.  The  hairs 
begin  to  appear  on  the  head ;  the  liver  begins  to  secrete  bile, 
and  the  meconium  appears  in  the  inteetinal  canal ;  the  amnion 
is  In  contact  with  the  chorion. 

At  the  sixth  month,  the  foetus  is  from  eleven  to  fourteen 
inches  long,  and  weighs  from  one  and  a  half  to  two  pounds* 
If  bom  at  this  time,  life  may  continue  for  a  few  momenta ; 
the  hemes  of  the  liead  are  assitie<3,  but  the  fontimeUcs  and 
sutures  are  still  wide  ;  the  prepuce  has  appeared  ;  the  testi 
eles  have  not  descended. 
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At  tlie  BereDth  montli,  the  f<ptas  b  from  fourteen  to 
fifteen  inches  long,  and  weigbs  fi*om  two  to  tliree  potmck. 
TLe  Laii^  are  longer  and  darker;  the  papillary  membmne 
diaappeare^  undergoing  atrophy  from  the  centre  to  the  periph- 
ery ;  the  relative  quantity  of  the  amniotic  fluid  is  dimin- 
ished, and  the  foetus  is  not  go  free  in  the  cavity  of  U>e 
uterog  ;  the  fcetus  is  now  viable. 

At  the  eighth  month,  the  foetus  is  from  fifteen  to  .iixiaen 
inches  long,  and  weighs  from  three  to  four  pounds.     Tlie 
eyelids  are  opened  and  the  cornea  is  transparent ;  the  pupil- 
lary membrane  has  disappeared ;  the  left  te^iele  has  de^j 
fioended ;  the  umbilicus  is  at  about  the  middle  of  the  bodj^i 
the  relative  size  of  the  lower  extremities  having  increased. 

At  the  ninth  month,  the  foetus  is  about  seventeen 
long,  and  weighs  from  five  to  six  pounds.     Both  tafitiG 
have  usually  descended,  but  the  tunica  vaginalia  still  goe 
municates  with  the  peritoneal  cavity. 

At  birth,  the  infant  weighs  a  little  more  than  eeveti 
pounds,  the  usual  range  being  from  four  to  ten  potind% 
though  these  limits  are  sometimes  exceeded. 

The  position  of  the  foetus,  in  the  great  majority  of 
excluding  abnormal  presentations,  is  with  the  head  down- 
ward ;  and  why  this  is  the  usual  and  the  normal  positioti^  ii  %J 
question  which  has  been  the  subject  of  much  discussion.   As 
we  have  just  seen,  in  the  early  stages  of  pregnancy,  the  f  cetaa 
floats  quite  freely  in  the  amniotic  fluid.  Upon  this  point,  Dr. 
Matthews  Ihmcan  has  made  the  following  interesting  ex- 
periments :  Securing  the  limbs  of  the  fcetus  in  the  natimJ 
position  which  it  assumes  in  td^ro,  by  me^ns  of  threadft,  and 
immersing  it  in  a  solution  of  salt  of  nearly  its  own  specific 
gravity,  he  found  that  it  naturally  gravitated  to  nearly  the 
normal  position,  with  the  head  dtjwnwanl.*    It  is  probable, 
judging  from  these  observations,  that  the  natural  gravitation 
of  the  head  and  of  the  upper  part  of  the  fcutus  is  the  deter- 
jnining  cause  of  the  ordinary  position  in  aiera^ 

>  J.  Matttikws  Dujicaji,  Jimarthm  in  ObiUirie$,  New  York,  ISM,  |>,  S7» 
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The  shape  of  the  nterua  at  full  term  is  ovoid,  the  lower 
portion  being  the  narrower.  The  foetus  has  the  head  slightly 
flexed  upon  the  sternum,  the  arms  flexed  upon  the  chest  and 
crossed,  the  spinal  column  curved  forward,  the  thighs  fleieil 
upon  the  abdomen,  the  legs  slightly  flexed,  and  usually  crossed 
in  front,  and  the  feet  flexed  upon  the  legs,  with  their  inner 
margin  drawn  toward  the  tibia.  This  is  the  position  in  which 
the  foetus  is  best  adapted  to  the  size  of  the  uterine  cavity, 
and  in  which  the  expulsive  forcse  of  the  uterus  can  be  most 
favorably  exerted,  both  as  regards  the  foetus  and  the  genera- 
tive passages  of  the  mother. 

MiiUipU  Pregnmicy, — It  is  not  very  rare  to  observe  two 
children  at  a  birth,  and  cases  are  on  record  where  there  have 
been  four  and  even  five,  though  in  these  latter  instances  the 
children  generally  survive  but  a  short  time,  or,  as  is  more  com- 
mon, abortion  takes  place  during  the  first  months.  Three  at 
a  birth,  though  rare,  has  been  often  observed ;  and  we  have 
in  mind  at  this  moment  a  case  of  three  females,  triplets,  all 
of  whom  lived  past  middle  ago. 

In  cases  of  twins,  it  is  an  interesting  question  to  deter- 
mine whether  the  development  always  takes  place  from  two 
ova,  or  whether  a  single  ovum  may  be  developed  into  two 
beings.  In  the  majority  of  eases,  twins  are  of  the  same  sex, 
though  sometimes  they  are  male  and  female.  In  some  cases, 
there  are  two  full  sets  of  membrsneii,  each  foetus  having  its 
distinct  deddua,  placenta,  and  chorion ;  in  others,  there  is  a 
single  chorion  and  a  double  anmion ;  but,  in  some^  both  fo^- 
tu^es  are  enclosed  in  the  same  amnion*  As  a  rule,  the  two 
placentBB  are  distinct ;  but  sometimes  tliere  is  a  vascular  com- 
munication between  them,  or  what  appears  to  be  a  single  pla- 
centa may  give  origin  to  two  umbilical  cords.  If  there  be 
but  a  single  chorion  and  amnion  and  a  single  placenta,  it  has 
been  thought  that  the  two  beings  are  developed  from  a  single 
ovum  ;  otherwise,  it  woidd  be  necessary  to  assume  that  there 
were  originally  two  sets  of  membranes,  which  had  become 
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fused  into  one.  The  instances  on  record,  one  of  which  we 
have  given/  of  twins,  one  white  and  the  other  black,  show  con- 
clusively that  two  ova  may  be  developed  in  the  uterus  at  the 
same  time.  While  there  can  be  no  doubt  upon  this  point,  the 
question  of  the  possibility  of  the  development  of  two  beings 
from  a  single  ovum  remains  unsettled.  It  is  thought  to  be 
more  difficult  to  understand  how  two  conjoined  monsters, 
like  the  celebrated  Siamese  twins,  who  have  just  died,  could 
be  developed  from  two  ova  which  became  fused,  than  to 
imagine  the  development  of  two  beings  from  a  single  ovum. 
This  question,  however,  belongs  to  teratology,  and  could  only 
be  settled  by  observations  of  conjoined  monsters  very  early 
in  their  development,  which  do  not  exist  in  literature. 

As  pathological  conditions,  we  have  extra-uterine  preg- 
nancies, in  which  the  fecundated  ovum,  forming  its  attach- 
ments in  the  Fallopian  tube  (Fallopian  pregnancy)  or  within 
the  abdominal  cavity  (abdominal  pregnancy),  undergoes  a  cer- 
tain degree  of  development.  The  uterus  usually  enlarges,  in 
these  instances,  and  forms  an  imperfect  decidua. 

Cause  of  the  First  Contractions  of  ike  Uterus  in  Normal 
Parturition, — The  cause  of  the  first  contraction  of  the  uterus 
in  normal  parturition  is  undoubtedly  referable  to  some  change 
in  the  attachment  of  its  contents,  which  causes  the  foetus  and 
its  membranes  to  act  as  a  foreign  body.  When,  for  any 
reason,  it  is  advisable  to  cause  the  uterus  to  expel  its  contents 
before  the  full  term  of  pregnancy,  the  most  physiological 
method  of  bringing  on  the  contractions  of  this  organ  is  to 
cautiously  separate  a  portion  of  the  membranes,  as  is  often 
done  by  introducing  an  elastic  catheter  between  the  ovimi 
and  the  uterine  walL  A  certain  time  after  this  operation, 
the  uterus  contracts  to  expel  the  ovum,  which  then  acts  as  a 
foreign  body. 

In  the  normal  state,  toward  the  end  of  pregnancy,  the 
cells  of  the  decidua  vera  and  of  that  portion  of  the  placenta 

1  See  page  848. 
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which  18  attached  to  the  uterus  undergo  fatty  degeneration, 
andj  in  this  way,  there  is  a  gradual  sepamtion  of  the  outer 
membrane^  so  that  the  contents  of  the  uterus  gradually  lose 
their  anatomical  connection  with  the  mother.  When  this 
change  has  progi-es&ed  to  a  certain  extent,  the  uterus  begins 
to  contract ;  each  contraction  then  separates  tlie  membranes 
more  and  more,  the  most  dependent  part  pressing  upon  the 
08  internum,  and  the  subsequent  contmctions  are  probably 
due  to  reflex  action.  The  first  **pain"  is  induced  by  the 
presence  of  the  foetus  and  its  membranes  as  a  foreign  body,* 
a  mechanism  similar  to  that  which  obtains  when  premature 
labor  has  been  brought  on  by  separation  of  the  membranes^ 

We  shall  not  describe  the  mechanism  of  parturition,  al- 
though this  is  entirely  a  physiological  process,  for  the  reason 
that  it  is  necessarily  considered  elaborately  in  works  on  ob- 
stetrics. The  first  contractions  of  the  uterus,  by  pressing  the 
bag  of  waters  against  the  os  internum,  gradually  dilate  the 
cenrix ;  the  membranes  usually  rupture  when  the  os  is  pretty 
fully  dilated,  and  the  amniotic  fliud  is  discharged ;  the  head 
then  presses  upon  the  outlet ;  and,  the  uterine  contractions 
becoming  more  and  more  vigomus  and  efficient,  the  child  is 
brought  into  the  world,  this  being  followed  by  the  expulsion  of 
the  membranes  and  placenta.  There  then  follows  a  tonic  con- 
traction of  the  muscular  walls  of  the  uterus,  which  becomes 
a  hard,  globular  mass,  easily  felt  through  the  flaccid  alnlom- 
inal  walls.  The  very  contractions  of  the  muscular  fibres  of 
the  uterus  which  expel  the  foetus  close  the  vessels  ruptured 
by  the  separation  of  the  placenta  and  arrest  the  luemorrhage 
from  the  mother.  The  changes  which  then  take  place  in  the 
respimtion  and  the  circulation  of  the  infant  have  been  fully 
considej^ed  in  connection  with  the  development  of  the  circu- 
latory system/ 

Invohtiion  of  the  Uterus. — At  from  four  to  six  days,  and 

1  HxKKio,  ^h«dim  Qher  dm  JSm  der  mmiehliekm  FiaeeiUa,  Leipzig,  1872,  Sw 
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seldom  later  than  eight  days  after  parturition,  the  utenid  I 
gengibly  adyanced  in  the  process  of  involatiou ;  and  it  is 
gradually  reduced  to  the  size  and  etructnre  which  it  pr 
during  the  non-pregnant  condition,  though  it  never  1 
quite  as  small  as  in  the  virgin  state.  The  new  muooos  i 
brane,  which  has  been  developing  during  the  latest  periods  of 
pr^nancy,  becomes  perfect  at  about  the  end  of  the  seeood 
month  after  delivery.  It  has  then  united,  at  the  o©  intei^^ 
nmn,  with  the  mucous  membrane  of  the  neck,  which 
not  participate  in  the  formation  of  the  decidua.  The  mn 
eular  fibres,  after  parturition,  present  granules  and  globnleg^ 
of  fat  in  their  substance^  and  are  gradually  reduced  in  size, 
as  the  uterus  becomes  smaller.  Their  involution  is  com- 
plete at  about  the  end  of  the  second  month.  During  the 
first  month,  and  particularly  within  the  first  two 
after  delivery,  there  is  a  sero-sanguinolent  disc^harge  froB 
the  uterus,  which  is  due  to  disintegration  of  the  blood  \ 
of  the  remains  of  the  membranes  in  its  cavity,  this 
being  mixed  with  a  certain  amount  of  sero-mucous  Beoretioiu 
This  discharge  constitutes  the  lochia,  which  are  at  first  red^ 
but  become  paler  as  tliey  are  reduced  in  quantity,  and  disap* 
pear. 

During  lactation,  which  we  have  already  con^derod  in 
another  volume,^  the  processes  of  ovulation  and  menstruation 
are  usually  arrested,  though  this  is  not  always  the  case.  In  the  i 
volume  on  secretion,  we  have  given  a  full  description  of  thai 
vemix  caseosa,  and,  in  the  same  volume,  we  have  stated  what  i 
is  known  with  regard  to  the  properties  and  composition  of 
the  urine  of  the  foetus/ 

Meconium, — At  about  the  fifth  month,  there  appears  a  - 
oeirtain  amount  of  secretion  in  the  intestinal  canal,  which  be^ 
comes  more  abundant,  particularly  in  the  large  intestine,  as 
development  advances.    This  is  rather  light-colored  or  gray- 
ish in  the  upper  portion  of  the  email  intestine,  becoming  yel- 

'  Sea  ToL  ill,  Secnstloii,  p.  'tt.Httq,  *  JJtM,,  pp.  Q7,  SSI. 
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lowish  ill  the  lower  portion,  and  is  of  a  dark-greeniali  color 
in  the  colon.  The  dark,  pasty,  adhesive  matter,  which  is  dis- 
charged from  the  rectum  soon  after  birth,  is  called  the  meco- 
ninm. 

The  meconium  appears  to  consist  of  a  thickj  mucous  secre- 
tion, with  numerous  grayish  grannies,  a  few  fatty  granules, 
intestinal  epithelium,  and,  frequently,  crystals  of  cholesterine, 
this  occurring,  according  to  Eobin  and  Tardieu,  in  about  two 
out  of  five  gpecimens.  The  color  seems  to  be  due  to  granula- 
tions of  the  coloring  matter  of  the  bile.'  According  to  Dalton, 
none  of  the  biliary  salts  can  be  detected  in  the  meconium  by 
Pettenkofer*8  test.*  The  couBtituent  of  the  meconium  which, 
in  our  own  observations,  we  have  found  to  possess  the  gi^eat- 
est  physiological  importance,  is  cholesterine.  Although  but 
few  crystals  of  cholesterine  are  found  on  microscopical  ex- 
amination, the  simplest  processes  for  ita  extraction  will  re- 
veal the  presence  of  this  principle  in  large  quantity.  In  a 
specimen  of  meconium  in  which  we  made  a  quantitative 
ftmination,  the  proportion  of  cholesterine  was  6*245  parts 
"per  1^000.  It  is  a  significant  fact,  that  the  meconium  con- 
tains cholesterine  and  no  stercorine,  the  stercorine,  in  the 
adult,  resulting  from  a  transformation  of  cholesterine  by  the 
digestive  fluids^  whidi  are  probably  not  secreted  during  intra- 
uterine life. 

None  of  the  secretions  concerned  in  digestion  appear  to 
be  produced  in  uterOy  and  it  is  also  probable  that  the  true 
biliary  salts  are  not  formed  at  that  time ;  but  we  know  that 
the  processes  of  disasaimilation  and  excretion  are  then  active, 
and  the  cholesterine  of  the  meconium  is  the  product  of  the 
excretory  action  of  the  liver.  The  relations  of  cholesterine 
as  an  excrementitious  principle  have  already  been  very  fully 
discussed/ 

1  RoBui  ET  Tardtiu,  Mhnoir9  mr  Vatnmfn  mienaoopiqvu  dm  taehs  fovmJtm 
par  U  mkonium  ct  CcmiuU  faital,  PftrLi,  1867,  p.  31,  rf  M^. 

•  D ALTON,  Human  Phyvidof^^  PhUndelphk,  1871,  p.  ACS, 

•  See  vol.  iii.,  Excretion,  p.  2e7,  ei  9tq. 
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Dextral  Preeminenee. — The  curioufi  fact,  that  most 
eons  by  preference  use  the  right  arm,  leg,  eye,  etc,,  inst 
of  the  left,  while,  as  exceptions,  some  use  the  left  in  prefer- 
ence to  the  right,  has  excited  a  great  deal  of  dificns^ian,  even 
amoDg  the  earlier  writers.    There  can  be  no  doubt  with  re- 
gard to  the  fact  of  a  natnral  dextral  preeminence  ;  and,  also, 
that  left-handedness  is  congenital,  difficult,  if  not  imj 
Bible,  to  correct  entirely,  and  not  due  simply  to  habit. 
would  appear  that  there  must  be  some  condition  of  or 
tion,  which  produces  dextral  preeminence  in  the  great  major- 
ity of  persons,  and  left-handedness,  as  an  exception ;  but  wlu^j 
this  condition  is,  it  is  very  difficult  to  determine.  Several  yc 
ago,  J.  Achille  Comte  proposed  the  theory  that,  in  the  mort 
common  position  of  the  foetus  in  nUro^  the  left  side  of  the  ' 
body  is  pressed  against  the  spinal  column  of  the  mother,  and^  i 
as  a  consequence,  the  muscles  of  that  side  are  not  so  full j 
developed  as  upon  the  right  side.     To  carry  out  this  explana- 
tion, it  would  be  necessaiy  to  show  that,  in  the  position  in 
which  the  right  side  is  toward  the  back  of  the  mother,  the 
individual  is  left-handed.     Comte  has  endeavored  to  ahowj 
this,  but  his  cases  are  not  sufficiently  numerous  and  clear  tol 
carry  conviction,*    Another  explanation,  very  often  offered 
by  anatomists,  is,  that  the  right  subclavian  arter}'  arises  nearer  J 
the  heart  than  the  left,  that  the  right  arm  is  therefore  betterl 
supplied  with  arterial  blood,  develops  more  f  ally,  and  is,  con- 
sequently, generally  used  in  preference  to  the  left ;  but  we  can- . 
not  explain  the  exceptional  predominance  of  the  left  band  by  an 
inversion  of  this  arrangement  of  vessels.    The  idea  advanced 
by  Dr.  Dwight,  of  Boston,  that  "  one-half  of  the  brain  (the 
left)  has  a  more  acute  perception  of  tactile  impressioDS^  while 
the  other  (the  right)  distinguishes  more  readily  different  de-i 
grees  of  temperature  and  weight/'  is  based  upon  a  few  ob-  \ 
eervations  on  these  points  in  right-handed  persons  and  one  i 

1  J.  AcRUXx  Comte,  iL^^m^ym  atiaicmico-phyiiokffi^iua,  retativf  d  /« jpr^ 
dominanef  dtt  bt'ot  droii  tur  U  bna  jrowrAe.^-JbftrW  dt  phytioh^^  Pam,  1S2S, 
tOQQO  Tiii.,  p.  II,  e^  Hq, 
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on  a  left-handed  pei*8on.  The  data  given  by  Dr.  Dwight 
ai*e  not  sufficient,  however,  to  render  this  explanation  satis- 
factory/ 

The  most  important  anatomical  and  pathological  facts 
bearing  upon  the  question  ujider  considemtion  are  the  fol- 
lowing :  Dr.  Boyd  has  shown  that  the  left  side  of  the  brain 
almost  invariably  exceeds  the  right  in  \veight,  by  about  one- 
eighth  of  an  ounce.  In  aphasia^  the  lesion  is  ahnost  always 
on  the  left  side  of  the  brain.  These  facts  point  to  a  pre- 
dominance of  the  left  side  of  the  brain,  which  presides  over 
the  movements  of  the  right  side  of  the  body.  Again,  a  few 
cases  of  aphasia  with  left  hemiplegia,  the  lesion  being  on  the 
right  side  of  the  brain,  have  been  reported  as  occurring  in 
left-handed  pei*8ons.  These  points  we  have  noted  in  treating 
of  the  nervous  system.'' 

Dr,  Ogle,  in  a  recent  paper  on  right-handedness,  gives 
seveml  instances  of  aphasia  in  loft-handed  persons,  in  which 
the  brain-lcaion  was  on  the  right  side.  In  two  left-handed 
individuals,  the  brain  was  examined  and  compared  with  the 
brain  of  right-handed  persons.  It  was  found  that  the  brain 
was  more  complex  on  the  left  side  in  the  right-handed,  and 
on  the  right  side  in  the  left-handed.'  In  the  discussion  which 
followed  the  presentation  of  this  paper,  Dr.  Charlton  Bastian 
stated  that  he  had  found  the  gray  matter  of  the  brain  to  be 
generally  heavier  on  the  left  than  on  the  right  side/  With 
regard  to  the  cause  of  the  superior  development  of  the  left 
side  of  the  brain,  the  only  explanation  offered  was  the  fact 

1  DwiGBT,  HiffJU  and  Left  SandedntM, — Jaumai  of  J^cholo^ical  MH&eine^ 
New  York,  1870,  toI  ir.,  p.  6S9, 

*  See  YoL  it.,  Nenrous  System,  pp.  856,  857, 

*  OoLi,  Ofi  Bexiral  Freeminmix, — Medica-ChifwrffietU  lyamadimu,  Lou- 
don,  1871,  Tol  Ur.,  p,  279,  et  teq. 

In  this  Tory  interesting  paper,  Dr.  Ogle  diBcuAStt  meet  of  the  theories  of 
dextral  pregminenee,  and  gives  somo  rerj  curious  obaerrfttiona,  ebowing  that 
thifl  coDdition  exi^U  in  monkeji  and  parrots  Host  monkeyi^  h«  Ikrand,  used 
the  members  of  the  right  dde  by  preference,  vrhile  a  few  wer«  dia^ctlj  kit- 
handed. 

*  JVw  York  Misdicai  /wnwrf.  1872,  ToL  xr,,  p.  279. 


488 


0EI!rERATION. 


that  the  arteries  going  to  the  left  side  are  usuaTly  larger 
those  on  the  right.    There  were  no  observations  with 
to  the  eoniparative  size  of  the  arteries  upon  the  two  sides  in 
leftrhanded  persons. 

E^easoning  from  the  facta  just  stated.  Dr.  Ogle  eonceiTeo^ 
that  dextral  preeminence  depends  upon  a  natural  predomi- 
nance of  the  left  side  of  the  brain,  the  rererse  obtaining  in 
the  left-handed.    This  view  seems  to  afiord  the  most  ratic 
explanation  of  dertral  preeminence.    It  ia  generally  true  1 
the  members  on  the  right  side  are  stronger  than  the  left, 
tieularly  the  arm ;  bnt  this  is  nut  always  the  case,  even 
the  right-handed.    A  not  inconsiderable  practical  erperienc 
in  athletic  exercises  has  led  us  to  observe  that  the  right  hand] 
is  more  conveniently  and  easily  used  than  the  left,  from  whic 
fact  we  derive  the  term  dexterity ;  bnt  that  the  left  arm 
often  stronger  than  the  right.    In  many  feats  of  strength, 
the  left  arm  appears  less  powerful  than  the  right,  because  we 
have  less  command  over  the  mujscles.    As  a  single  illnstratioii 
of  this,  we  may  mention  the  feat  of  drawing  the  body  up 
with  one  arm,  which  requires  unusual  strength,  but  very  lit- 
tle dexterity.    In  a  number  of  right-handed  persons,  we  find 
many  who  perform  this  feat  more  easily  with  the  left  arm, 
and  not  a  few  who  can  accomplish  it  with  the  left  arm  and  ^ 
not  with  the  right.    When  we  come  to  the  cause  of  the  su- 
perior development  of  the  left  side  of  the  brain,  we  nmat 
confess  that  the  anatomical  explanation  ia  not  entirely  satis*  ' 
factory.    We  can  only  say  that  the  two  sides  of  the  braiii  ^ 
are  generally  not  exactly  equal  in  their  development,  the 
left  Bide  being  usually  superior  to  the  right,  and  that  we  or- 
dinarily use  the  muscles  of  the  right  side  of  the  body  in  pref- 
erence to  those  on  the  left  side. 

Demhpment  after  Birih^  Age^^  and  Death, 

"When  the  child  is  bom,  the  organs  of  special  sense  and  the 
intelligence  are  dull ;  there  is  then  very  little  muscular  power ; 
and  the  new  being,  for  several  weeks,  does  little  more  than 
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eat  and  sleep.  The  natui'al  food  at  this  time  is  the  milk  of 
the  mother,  and  the  dig^tive  fluids  do  not,  for  some  time, 
pOfiseas  the  varied  solvent  properties  that  we  find  in  the  adult^ 
though  observations  upon  the  secretions  of  the  infant  ai-e  few 
and  Hither  nnsatisfaetory.  The  full  activity  of  pulmonary 
respiration  is  gradually  and  slowly  estahlished.  Young  ani- 
mala  appropriate  a  comparatively  small  quantity  of  oxygen, 
and,  just  after  birth,  present  a  much  greater  power  of  resist- 
ance to  asphyxia  than  the  adult,*  The  power  of  maintain- 
ing the  animal  temperature  is  also  much  lees  in  the  newly- 
born.*  The  process  of  ossificatioa,  development  of  the  teeth, 
etc.,  have  already  been  considered.'  The  hairs  are  shed  and 
replaced  by  a  new  growth  a  short  time  after  birth/  The 
fontanelles  gradually  diminish  in  size  after  birth,  and  are 
completely  closed  at  the  age  of  about  four  years. 

The  period  of  life  which  dates  from  birth  to  the  age  of  two 
yeazis  is  called  infancy.  At  the  age  of  two  years,  the  transi- 
tion takes  place  from  infancy  to  childhood.  The  child  is  now 
able  to  walk  without  assistance,  the  food  is  more  varied/ and 
the  digestive  operations  are  more  complex.  The  special 
senses  and  the  intelligence  become  more  acute,  and  the  t>eiug 
begins  to  learn  how  to  express  ideas  in  language.  The  child 
gradually  develops,  and  the  milk-teeth  are  replaced  by  the 
permanent  teeth.  At  puberty,  which  begins  at  from  the 
fourteenth  to  the  seventeenth  year,  a  little  earlier  in  the  fe- 
male, the  development  of  the  generative  organs  is  attended 
with  important  physical  and  moral  changes- 

The  different  ages  recognized  by  the  older  writers  were 
aa  follows :  Infancy,  from  birth  to  the  age  of  five  years ;  ado- 
lescence, or  youth,  to  the  twenty-fifth  year ;  adult  age,  to  the 
thirty-fifth  year ;  middle  life,  to  the  fiftieth  year ;  old  age,  to 
the  sixtieth  year ;  and  then,  extreme  old  age.  A  man  may  be 
regarded  at  his  maximum  of  intellectual  and  physical  devel- 

»  See  ToL  i.,  R«»piratJon»  pp.  420»  490. 

»  Bee  vol  iil.,  Axtimal  Heat,  p.  405,  '  See  pag€s  808,  416. 

*  KotUKCT,  MmmU  4'hUt4>logie  hummm,  Puria,  1868,  p,  ISO. 
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opment  at  about  the  age  of  thirty-five^  and  he  begins  to  de 
cline  after  the  sixtieth  year,  although  such  a  rule,  as  regards ^ 
intellectual  vigor,  would  certainly  meet  with  numeroua  ex- 
ceptions. 

We  do  not  propose  to  consider,  in  this  connection,  the^ 
psychological  variations  which  occur  at  different  aged^  but, 
regards  the  general  process  of  nutrition,  it  may  be  stated,  in 
general  terms,  that  the  appropriation  of  new  matter  is  a  little 
superior  to  disassimilation  up  to  about  the  age  of  twenty-five 
years ;  between  twenty-five  and  forty-five,  these  two  pre 
are  nearly  equal ;  and,  at  a  later  period,  the  nutrition  does  nat' 
completely  supply  the  physiological  waste  of  the  tissues^  the 
proportion  of  organic  to  inorganic  matter  gradually  dimin- 
ishes, and  death  foUows,  as  an  inevitable  consequence  of 
life.  In  old  age,  the  muscular  movements  gradually  become 
feeble ;  the  bones  contain  an  excess  of  inorganic  matter ;  the 
ligaments  become  stiff ;  the  special  senses  are  usually  obtuse ; 
and  there  is  a  diminished  capacity  for  mental  labor,  with 
more  or  less  loss  of  the  memory  and  of  intellectual  vigor. 
It  is  a  curious  fact  that  remote  events  are  more  clearly  and 
easily  recaned  to  the  mind  in  old  age',  than  those  of  recent 
occurrence]  and,  indeed,  early  impressions  and  prejudices 
then  appear  to  be  unusually  strong. 

It  frequently  happens,  in  old  age,  that  some  organ  eseen^ 
tial  to  life  gives  way,  and  that  this  is  the  immediate  cause  of 
death ;  or  that  an  old  person  is  stricken  down  by  some  dis- 
ease to  which  his  age  rendere  him  peculiarly  liable.  It  is  so 
infrequent  to  observe  a  perfectly  physiological  life,  continn- 
ing  throughout  the  successive  ages  of  man,  that  it  is  almost 
impossible  to  present  a  picture  of  physiological  death ;  bat 
we  sometimes  observe  a  gradual  fading  away  of  vitality  in 
old  persons,  who  die  without  being  affected  with  any  spe- 
cial disease.  It  is  also  difficult  to  fix  the  natm*al  period 
of  human  life.  Some  persons  die,  apparently  of  old  ago^ 
at  seventy,  and  it  is  rare  that  life  is  preserved  beyond  one 
hundred  years.    In  treating  of  the  so-caUed  vital  pointy  we 
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have  stated  tliat  there  does  not  seem  to  be  any  such  oocur- 
rence,  except  under  conditiooB  of  most  extraordinary  external 
violence,  as  instantaneous  death  of  all  parts  of  the  organism/ 
If  we  confine  ourselves  to  physiological  facts,  we  cannot  ad- 
mit the  existence  of  a  single  vital  principle  which  aidmates 
the  entire  organism.  Each  tissne  appears  to  have  its  peculiar 
property,  dependent  upon  its  exact  physiological  constitution, 
which  we  call  vitahty ;  a  term  which  really  exphiins  nothing. 
The  tissues  nsnaUy  die  successively,  and  not  simultaneously, 
nearly  all  of  them  being  dependent  upon  the  circulating, 
oxygen-carrying  blood  for  the  maintenance  of  their  physio- 
logical properties.  It  has  been  demonstrated,  indeed,  that 
the  so-called  vital  properties  of  tissues  may  he  restored,  after 
apparent  death,  by  the  injection  of  blood  into  their  vessels,' 

After  death,  there  is  often  a  discharge  of  the  contents  of 
the  rectnm  and  bladder,  and  partuntion,  even,  has  been  known 
to  take  place.'  The  appearance  wliich  iniiicates  growth  of 
the  beard  is  probably  due  to  shrinking  of  the  skin  and,  per- 
haps, contraction  of  the  emooth  muscular  fibres  attached  to 
the  hair-follicles.  The  most  important  phenomenon,  how- 
ever, which  is  observed  before  putrefaction  begins,  is  a  gen- 
eral rigidity  of  the  muscxdar  system. 

Cadamrw  Hi^ity, — At  a  variable  period  after  death, 
ranging  usually  from  five  to  seveJi  hours,  all  of  the  muscles 
of  the  body,  involuntary  as  well  as  voluntary,  become  rigid, 
and  can  only  be  stretched  by  the  application  of  considerable 
force.    Sometimes,  especially  after  long-continued  and  ex- 

*  Sec  voL  IT.,  NeiToos  System,  p.  410. 

*  In  Tol  I,,  Blood,  p.  99,  we  hare  dted  a  curious  experimenl  hj  Brown- 
S^quArdf  1q  wMch  blood  woa  pasfcd  from  a  lifiiig  dog  into  the  carotid  of  a  dog 
just  dead  from  pcritooitls.  The  animal  was  so  far  rerived  aa  to  snstaia  bimaelf 
on  hid  feet,  wag  his  tail,  etc.,  and  died  a  second  time,  twelve  and  a  half  hottrs 
ifler.  Id  thi»  experiment,  inBufflation  was  emploved  in  addition  to  the  tmn^fu- 
aion.  In  cases  of  death  from  hicmorrhage,  It  l^  well  known  that  life  ma?  be 
brought  back,  aa  it  were,  bj  artifielal  reatoration  of  the  blood. 

'  Symoxds,  Ct/dapadia  of  Anatomy  and  Fhytiotoffy^  London,  18S5-l8Sd,  ?oL 
),,  p,  80i,  Article,  Death. 
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hansting  dkeases,  tliis  rigidity  appears  m  soon  a^  a  quarter  of 
an  hour  after  death.  In  the  case  of  per&ons  killed  guddenlji 
while  itt  full  health,  it  may  not  be  developed  until  twenty  or 
thirty  hours  after  death,  and  continues  for  six  or  seven  dAjr&* 
ItB  average  duration  is  from  twenty-four  to  thirty-six  hoarB; 
and,  as  a  rule,  it  is  more  marked  and  lasts  longer,  the  later 
it  appears.  Li  warm  weather,  cadaveric  rigidity  appeftrt. 
early  and  continues  for  a  short  time.  When  the  eontractkni 
is  overcome  by  force,  after  the  rigidity  has  been  completely 
established  and  has  continued  for  some  time,  it  does  not  re- 
appear. The  rigidity  of  the  muscular  system  extendis  to  the 
muscular  coats  of  the  arteries  and  the  lymphatics/  It  is  for 
thia  reason  that  the  arterial  system  is  usually  found  empty  j 
after  death.*  The  rigidity  first  appears  in  the  muscles  whidi 
move  the  lower  jaw ;  then,  according  to  the  observations  of 
Kysten,  it  is  noted  in  the  muscles  of  the  trunk  and  neclci 
extends  to  the  arms,  and  finally,  to  the  legs,  disappearing  ia 
the  same  order  of  succession/  The  stiffening  of  the  oinscles 
is  due  to  a  sort  of  coagulation  of  their  substance,  analogoua 
to  the  coagulation  of  the  blood>  and  is  probably  attended  with 
some  shortening  of  the  fibres ;  at  all  events,  the  fingers  and 
thumbs  are  generally  flexed.  That  the  rigidity  is  not  dne  to 
coagulation  of  the  blood,  is  shown  by  the  fact  that  it  occurs 
in  animals  killed  by  hsemorrhage. 

According  to  John  Hunter,  the  blood  does  not  eoagtdate 
nor  do  the  muscles  become  rigid  in  animals  killed  by  light* 
ning  or  hunted  to  death ;  *  but  it  is  a  question,  in  these  in- 

^  Sjinondfl  {he.  eit.)  obserred  Hglditj  in  the  bodj  of  n  crimiiuLl  cxficut«d  hj 
h&D^ng,  dght  days  after  deatb^  but  bad  no  opportunity  of  aaoertainiDg  at  what 
time  It  commenced* 

•  HAacMotfi,  Preeit  USmmimrt  de  phym*^offu^^  Paris,  ISSG,  tome  ii,  p«  125. 

■  See  Tol.  l»  Phenomena  in  the  Qrtruliitory  Sjatem  after  Death,  p.  Sftl. 

Parry^  in  his  experiments  publiebcd  in  181d,  note*!  contraction  in  the  uie- 
ffos  after  death.     (PARETf  An  Exj/erimmtat  Inqitir^  into  ihtt  Saiurr^  Caute^  am 
ForMfiA  o/thfi  ArUrid  Pkihe,  London,  1816,  pp.  1(5,  46.) 

«  Kystxx,  JieehdmhmdephysiQiogiti,  ParU,  1611,  p.  S86. 

«  HoiTxa,  Leeimm  on  th$  Prwdplm  of  Sttrytfty,  Philadelphia,  1889,  p.  8ft. 
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stances,  whether  the  rigidity  does  not  begin  very  soon  after 
death  and  continue  for  a  brief  period,  so  that  it  may  escape 
observation.  This  is  the  view  entertained  by  Brown-S6qnard, 
who  has  made  nunerons  experiments  on  this  point.'  As  a 
rule,  rigidity  is  less  marked  in  very  old  and  in  very  young 
persons  thaji  in  the  adult.  It  occurs  in  paralyzed  muscles, 
provided  they  have  not  undergone  extensive  fatty  degenera- 
tion. 

Under  ordinary  conditions  of  heat  and  moisture,  as  the 
rigidity  of  the  muscular  system  disappears,  the  processes  of 
putrefaction  conmience.  The  various  tissues,  with  the  ex- 
ception of  certain  parts,  such  as  the  bones  and  teeth,  which 
contain  a  large  proportion  of  inorganic  matter,  gradually  de- 
compose, forming  water,  carbonic  acid,  ammonia,  etc.,  which 
pass  into  the  earth  and  ^e  atmosphere.  The  products  of  de- 
composition of  the  organism  are  then  in  a  condition  in  which 
they  may  be  appropriated  by  the  vegetable  kingdom. 

^  Brown-S£quabd,  HeloHona  entre  VirrUabUiU  muaculairef  la  riffidiU  eadavl- 
rique  et  la  puiri/adion.—Joumal  de  la  phynologie,  Paris,  1861,  tome  iv.,  p.  271, 
elieq, 
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Abdominal  plates, 891,  406,  411 

Accommodation,  visual, 64,  104 

theories  of, 106 

range  of, 106 

chajoges   of  the    crystalline 

lens  in, 106 

action  of  the  ciliary  muscle  in,  107 

mechanism  of^ 108 

changes  of  the  iris  in, 108 

in  the  lensless  eye, 110 

auditory, 208 

Additional  tones, 187 

Adolescence, 469 

Adult  age, 469 

^sthesiometer, 19 

Ages, 469 

A&antois,  development  of  (see  cho- 
rion),  868,872 

villositiesof, 868 

Amnion,  formation  of, 861 

villosities  of; 868 

-^—  enlargement  of, 870 

Amniotic  fluid, 866 

—  origin  o^ 866 

^^  property    of,  of  preserving 

dead  tissues, 866 

AmpullsB  of  the  semicircular  ca- 
nals,   214 

Angle  alpha, 71 

Anosmia, 82 

Anus,  devdopment  of, 408 

imperforate, 408 

Aorta,  abdominal,  first  appearance 

of, 891 

^—  development  ot, 482 

AortSB,  primitive,. 890,  481 

Aortic  arches, 481 

Aphasia,  relations  of  facts  observed 
in,  to  dextral  preeminence,. . .     467 


Appendix   vermiformis,    develop- 
ment of, 406 

Aqueduct  of  Sylvius,  development 

of; 402 

Aqueous  humor, 64 

Anchnoid,  first  appearance  o^. . .  898 

Area  pellucida  of  the  ovum, 868 

Area  vasculosa, 480 

Arterial  system,  development  of,.  482 

Astigmatism, 98 

Audition,  general  mechanism  of,..  146 

summary  of  mechanism  of, . .  229 

Auditory  apparatus,  divisions  o^.  162 
Auditory  nerves,  physiological  anat- 
omy of, 147 

general  properties  o^ 148 

action  of  galvanism  upon,. . .  149 

development  of; 408 

Auditory  vesicle, 402 

Azygos  veins,  development  of,. . .  484 

Badllar  membrane, 66 

Bartholinus,  glands  o^ 886 

Beats,  a  cause  of  dissonance, 191 

Binocular  fusion  of  colors,. ......  126 

Binocular  vision, , .  117 

Bladder,  formation  of; 878,  406 

Blastodermic  cells, 867 

Blastodermic  layen,... .  869,  887,  889 
Blastodermic  layer,  vascular  (so 

calledX 480 

Blepharoptosis, 140 

Blind  spot  of  the  retina, 87,  90 

Blood-oorpuscles,  development  of,  429 
^^  structure  of,  in  the  foetus,.. .  429 
Blood-vessels,  development  of,. . .  429 

Botal,  foramen  of; 486,  442 

Brain,  comparative  size  of  the  ri^t 

and  the  left  side  of, 467 
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Branchial  vaacular  arches,  411, 482, 488 
Bronchi,  development  of, 410 

Cadaveric  rigidity, 461 

—~  in  iiiiitnRlM  killed  by  lightning 

or  hunted  to  death, 462 

Cieciim,  development  of, 406 

Canalis  rcuniens, 214 

Canals  of  Cuvier 484 

Caput  coli,  development  of^ 406 

Cardinal  veins, 484 

Carotid  arteries,  development  of,    482 

Caruncula  lacrymalis, 141 

Caspar  Hauser,  case  of^ 121 

Cerebellum,  development  of, .  400,  401 

Cerebral  vesicles, 899 

Cerebrum,  development  of,. .  899,  401 

Cerumen, 164 

Chambers  of  the  eye, 52,  65 

Chiasm  of  the  optic  nerves, 89 

Chick,  different  stages  of  develop- 
ment of, 889 

Childhood, 459 

Cholesterine,  in  the  crystalline  lens,    68 

in  the  meconium, 409,  455 

as  an  excretion,  in  the  foetus,  456 

Chorda  dorsalis, 890,  898 

Chorda  tympani  nerve, 235 

Chorion,  permanent, 868 

viUositiescf, 869 

Choroid, 48 

Chromatic  aberration, 82 

correction  of, 83 

Ciliary  muscle  (ciliary  ligament), .     60 
action    of,    in    accommoda- 
tion,   107 

Ciliary  processes, 49 

Cilio-spinal  centres, 102 

Circulation,  first,  or  vitelline, 430 

first  appearance  of, 431 

second,  or  placental, 432 

i^  the  foBtus, 436 

third,  or  adult, 441 

Circulatory  system,  development  of,  428 

Cleft  palate, 416 

CI  itoris, 287 

Cloaca, 406,  427 

Cochlea, 165,  214 

canal  of, 216 

functions  of, 225 

Coitus, 331 

Color-blindness, 76 

Colors,  binocular  fiision  of, 126 

coiupleracntary, 75 

theory  of  the  perception  of, .     76 


Conception  at  unusuall j  etafy  and 

advanced  ages, 800 

Cone-fibre  plexus, 58 

Cones  (see  rods  and  cones), 56 

Conjunctiva, 141 

Consonance  (see  tones  by  influ- 

enoeX 192 

Cornea, 46 

refraction  by, 91 

development  of, 402 

Corpora  striata,  development  of, . .  401 

Corpus  Highmorianum, 815 

Corpus  luteum, 807 

of  menstruation, 808 

of  pregnancy, 809 

Correspon(£ig  retmal  points,. . .  .   119 

Corti,  membrane  of, 215 

ganglion  of, 220 

cansd  of, 22»> 

pillars  of, 221 

organ  of; 220,  227 

Cotugno,  humor  of^ 218 

Cowper,  glands  of, 822 

Cremaster  muscle, 814,  428 

Crystalline  (proximate  principle), .     68 

Crystalline  lens, 60 

capsule  of, 61 

stars  of, 62 

composition  of, 63 

suspensory  ligament  of, 68 

refraction  by, 91 

changes  of,  in  accommoda- 
tion,    106 

development  of, 402 

Cumulus  proligerus, 277 

Curling  arteries  of  the  placenta,  380,  885 

Cuvier,  canals  of, 434 

Cyanosis  neonatorum, 442 

Dacryolme, 145 

Daltonism, ,     76 

Dartos, 814 

Death,  physiological, 460 

contraction  of  muscles  after,  461 

apparent  growth  of  beard  af- 
ter,    461 

parturition  after, 461 

restoration  of  life  after,  by 

transfusion  and  artificial  respi- 
ration,   461 

putrefaction  afler, 468 

Decidua,. 378 

fatty  degeneration  of,  as   a 

cause  of  parturition, 458 

serotina, 888 


DentftlbtilM, 41T 

Ejeba)!,  physiological  asAtomy  of,    44               ^^^^1 

form  and  dimensions  of,. . . .     45                ^^^^M 

^immary  of  the  anatomy  of,.     d6                ^^^^| 

movements  of^. . 129                ^^^^^H 

itinai^tM   nf                                                     ISO                                    ^^H 

DenUil  follicle!^,.... , 417 

Dtiutiue,  developriienl  of, 417 

Dtfseeniet,  or  D^mours,  uicmbraDe 
otV .•...     47 

Development  after  birth, 468 

of  the  chick,  diflferent  stages 

of, ,,..  889 

axes  of  rotation  of,. .......  131                       ^^M 

*- — -  protrusion  and  retraction  of,  132                       ^H 

extent  of  rotation  of, 188                         ^^M 

p4rt»  for  the  protection  of,. .   138                       ^H 

Erelaflhes, 189                      ^M 

EyeUdfi, ,  188                      ^M 

muscles  ol^. .. .« **..•  IS9                       ^^H 

Dextral  preeramence -ifitifllfiS 

Diftphra^i^  development  of,, . . ,,  408 
Diuphragiuatic  hcmia,  congenital^ .  408 
Di|fej?tlve  fliiifle,  not  secreted  during 
intra-uterine  life, 40»»  455^  45» 

'    Piscopils, \m 

l^hi'm  prf>ligieruR, ,  .,.,•«.,.«...  277 

development  and  time  of  s«p-                             ^H 

aratioa  of, 402                      ^H 

I>i<fiipiments  of  the  pkcentA,. . . .  SB3 
r>or»ttl  plates, 890 

Ductus  arteriosua, 482,  488,  442 

Duetufi  venosup,. .....,.«..  4B4,  443 

Facial  nerve,  pandysia  of»  with  losa                      ^^^^H 

Dura  mater,  Anst  appearance  of,. .   iS98 

Ear,  bones  of  (eee  osaidea),.,   157,  200 

external, 162,  196 

muscles  of, 15a 

rn1tr.r.;nT.   «^K^                                                       OftK                          ^^^^H 

development    of,   from    the                       ^^^^| 

duct«  of  Muller, .....  42],  423,  488               ^^H 

Fecundation, 881                ^^^B 

Action  of  the  male  in, 882                      ^^H 

action  of  the  fenmle  io, 885                ^^^H 

middle ,.,   154 

muscles  of, ».••«•..»•   158 

Lntemal,....   , 213 

lieTclopment  o^. 408 

Ejacalatory  duels, 821 

Ettibryon,  primiti ire  trace  of,.   858,  859 

dt'vclopiuent  of,  and  diatinc- 

tion  of,  from  the  f<^tus, . . .  387,  388 

Embryonic  spot,. 858 

Enamel  organ,  devdopmeut  of,...  417 
Endolvmph, 218 

mo^liAnlam                                              fUA                      ^^^^H 

union  of  the  mate  with  the                       ^^^^H 

female  element  of  generation,. .  351                ^^^^M 

penetration  of  epermatoxoids                        ^^^^H 

through  the  vitelline  membrane,  852               ^^^^H 
Female  organs  of  generation  (see                       ^^^^H 

generation!,. . . , 265               ^^^^| 

Fenestra  ovalif, 1 5ft,  164                      ^H 

Fenestra  rotunda,.. 150,  165,  214                ^_^M 

Fifth  nerve,  paralysis  of^  without                       ^^^^M 

losaof  UBte,.. 287              ^^^H 

(lUacnFtica, 219               ^^^H 

Fkhes,  circulaiory  BTstem  of,. . . .  483               ^^^^| 
Flavors,  distinguished   from   true                       ^^^^| 

Epiiiermia,  firet  appearance  of,* . .  8V*7 
Epididymis,. . . , 816,  817 

dcrelopment  of,. «  422 

Epiglottis,  development  of, 414 

Epithelial   band  for  the  develop- 
ment of  the  teeth, ,  .  417 

Erection,  In  the  male, 884 

in  the  female,. 886»  338 

ortheut€ru^ 284 

Eustiiehiiin  ttibe,  ,.,,,.,.,....♦.    150 

F(£tiis,  infiuence  of  the  maternal                      ^^^^M 

movemenU^  of, , , ,  404                ^^^^H 

reepiratory  efforta  of,. .  404^  441                ^^^^| 

relative  development  of  the                      ^^^^^| 

upper  and  lower  portions  of,. . .  489               ^^^^| 

me^  weight,  etc,  of,  at  diiSbr*                       ^^^^| 

ent  stages  of  development,  448-450               ^^^H 

portion  of,  in  ut&f^^. . ..  450,  451                ^^^^H 

urine  of,. ,.«.,.  454               ^^^^B 

Foramen  ovale  of  the  heart,.  485,  442              ^^^H 

1  Fosaa  ovalla,... 442               ^^^H 

Fovea  cardia4», ...431               ^^^H 

dilttiop  muficle  of, , .    1«0 

dt'volopmcnt  of, 41 2,  41 8 

Eustachian  valve, 4!*C,  442 

External  amlitorj  niefttus,* ..   154,  IM 

development  of,. . , 412,  418 

^^K          Eje,  considered  as  an  opdcal  in- 

^^M             itnmient, 70 

^^m          formation  of  images  in,. ....     84 

^^H          *hftdow4  of  the  retinal  veaads,     85 

^^^^^! simple,  schematic, 93 
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Fovea  hemispherica, 164 

Free-martin,  description  of,. .  803,  860 
Frontal  process,  development  of, 

412,  418 

G^eration,  general  considerations,  264 

sexual, 268 

—  spontaneous,  so  called,  ....  258 

of  insects, 269 

of  infusoria, 260 

female  organs  of, 266 

general  arrangement  of  fe- 
male organs  of, 268 

-: external  female  organs  of, . .  287 

male   organs    and  elements 

of, 318 

male  elements  of, 822 

development  of  the  organs 

of, 420,426,426 

malformations  of  the  organs 

of, 427 

Genito-spinal  centre, 819 

Oenito  -  urinary  system,   develop- 
ment of,   420,  426 

Germinal  vesicle  and  spot, 291 

disappearance  of, 364 

Giraldds,  organ  of, 819 

Glosso-pharvngeal  nerve, 240 

physiological  anatomy  of,.. ,  241 

general  properties  of, 248 

relations  of,  to  gustation, ...  245 

Graafian  follicles, 272 

coats  of, 277 

liquid  of, 277 

macula  of, 292 

changes  of,  after  their  rup- 
ture (see  corpus  luteuniX 807 

Gubemaculum  testis, 422 

Gustation, 232 

relations  of,  to  olfaction,.  36,  232 

nerves  of, 234,  239 

relations  of  the  chorda  tym- 

panito, 236 

loss  of,  in  facial  paralysis, . .   236 

persistence  of,  in  paralysis  of 

the  fifth  nerve 287 

relations  of  the  glosso-pha- 

ryngeal  to, 246 

variations    of,     in    different 

parts   of   the    gustatory  mem- 
brane,      . .  246 

mechanism  of, 247 

organs  of, 248 

Hair-cells  of  the  cochlea, 226 


Hairs,  first  appearance  of^ S97 

Haller,  vas  aberrana  of^ 318 

Hamulus  of  the  cochlea, 216 

Hare-lip, 416 

Harmonics, 180,  182 

Harmony, 168,  188 

Heart,  formation  of  the  interren- 

tricular  septum  of, 482,  486 

— ^  development  of, 486 

formation  of  the  inter-auricu- 
lar septum  of, 486 

foramen  ovale  of, 485,  442 

relative  size  of^  in  the  foetus,  486 

hypertrophy  of,  daring  preg- 
nancy,  446 

Hemiopsia, 41 

Hermaphroditism, 428 

Hernia,  congenital  diaphragmatic,  408 

mguinal, 427 

umbilical,   in    intra  -  uterine 

life, 406 

Homer,  muscle  of, 180 

Horopter, 120 

Hyaloid  membrane, 65 

Hydatids  of  Morgagni,.. .........   815 

Hyoid  bone,  development  of,.  412,  414 

Hypogastric  arteries, 482,  442 

Hypospadias, 427 

Heo-csecal  valve,  development  of^ .   407 

Iliac  veins,  development  of^ 484 

Incisor  processes  and  teeth,  devd- 

opmentof, 418 

Incus, 16f 

development  of, 411 

Infancy, 469 

Inferior  maxilla,  development  of,.   412 

Infundibuliform  fascia, 814 

Infusoria,  generation  of, 260 

Insects,  generation  of, 259 

Intercoluninar  fascia, 814 

Intermaxillary   process,     develop- 
ment of, 412,418 

Intestinal  canal,  first  appearance 

of, 891,405 

development  of, 406 

Intestinal  villi,  development  of,. . .  407 

Iris, 51 

muscular  fibres  of, 68 

blood-ver»sels  of, 53 

nerves  of, 68 

movements  of, 96 

direct  action  of  light  upon,. .     97 

action  of  the  nervous  s\>t'.^"i 

upon, ...     98 
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Irifi,  nerrc'centrea  presiding  orer 

the  mor emeu ta  off 101 

— —  c^oaaenfiual  contraction  of, . ,  102 

ohanges  in,  m  accommudii- 

tioo, 108 

def^elofpmeni  of, 402 

InndkiioD,; . ,  ^ , . , - .  1S8 

Ivory,  developmcnl  of,. , 417 

JoeoVs  membrime, , . » .     06 

Jugttkr  v^ina,  devctopioettt  of,*. .  436 

Kidneys,  development  of, 424 

rektive  size  of,  in  the  fcBtns,  434 

Kraudc,  tenDiniil  bulbd  of, 142 

Labia,  dcvclopnient  of^ 437 

Labjriath,  geoerftl  arnuigemeDt  of^  1 63 

membraoou^.. . .....»^.*.  218 

ligiuiients  ofv ,...-     214 

distribution  of  nenrea  in, . . .  S18 

development  of, . , . ., 408 

Lacbrymal  ^land, , . ,   142 

Lachrymal  fluids,  .,.,...•.......   144 

r>aeVirymal  sac  and  duct, 148 

Lfkciirymine, 145 

Laetfttion,  Influence  of,  upon  oni- 

latioD  and  menstruation,. .,  *  * .  4M 

Lamina  cribroea,.  * 43 

LaiuijQa  spiralis,. 16&,  21S 

Larynx,  developmeat  of, ... .  412,  414 

Laxator  tympam, 1 08 

Le^-handedneea, •  •  456 

Lenaci  (aec  refractioti), 77 

Leucocytes,  development  of,.. . . .  428 

Life,  duration  of,., ,«....  461 

Lij^amentiim  iridii  pectinatnm,.  47«  02 

LiglU,  thooriea  of, 78 

rate  of  propagation  of, .... .     78 

velocity  of  different  colored 

rays  of, 74 

leniprth  of  waves  of,..,  •••••     74 

analy^^is  of,  ..,....*..♦»-•  •     70 

Linibus  laifiinse  gpirali^, 210 

LipR,  develofiracnt  of, 418 

Littre,  ^      '       '    822 

Liver,  it  of, 408 

r    ...        :^^htof,atdifleienl 

periods  of  life, , , . ... ..,,,,...  409^ 

circulation  in, 434 

Lochia,,. 454 

Locomotor  ataxia, •     10 

Lttnga,  derelopoiail  o(^. 410 

Macula  seastlcA,. 214 
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Macula  folliculi, ......  292 

Macula  lutea, 00 

Male  organs  and  elemeata  of  gen- 
eration,   818 

Male  elements  of  generation,. . . ,  822 

MaUeu^... \ 107 

development  of, ...,,..... .  411 

Manottc,  ej^periraent  of,. ....... .     87 

Meckel,  cartilage  of, 408,  418 

Meconium, ...,. 409,  406 

Mediastinum  testia,.,, 810 

Medulla    oblongata,  development 

of, 400,401 

Meibomian  glands,.. . .  ». 139 

Melody 167,  177 

Manbrana  basiiarls  of  the  cochlea,  210 

Membrana  fusca, 48 

Membrana  granulosa, .. . . « 277 

Membrana  media,. 860 

Membrana  tectoria, 210 

Membrana  tympmni,  fltnioture  of,..  197 

cone  of  light  jn, 199 

uaea  of, 199 

artificial, ..,,.,,..  199 

voluntary  ienaion  ot, SOI 

lots  of, 205 

— ^  position  of,  in  persons  with  a 

musicd  ear,. 207 

K4ni^re*B  diaoaae, 220 

Meostniatlon,  relations  of,  to  ovu- 
lation, .,-, 295 

onaloffy  irfi  with  rut  in  the  in- 
ferior animalB,. .. 298,  296,  801 

in  monkeys,. ,  802 

phenomena  of, 802 

after  extirpation  of  the  ova- 
ries,   803 

diflTerent  etam  of, 804 

characters  of  the  flow, . .  805 

iiiducnce  of,  upon  the  elimi* 

nation  of  nrea,  the  pulse^  and 

the  temperature^ ; . . . .  806 

changes  of  the  uterine  mu- 
cous membrane  in,. 806 

arrest  of,  during  Uctation, . .  404 

M^ry,  glands  of, 322 

Mesentery,  development  o^ 407 

Micropyle, , , .  290,  862 

MiddU  ear, 164 

Modtolus  of  the  cochlea,, 215 

Monocular  vision,. 122 

Monsters,  cfinjoined, *  .♦  452 

Morg^gnii  hydatidd  of^ 315 

Month,  duvelopmeiU  of,. 412 

Miiller,  ducts  of, .....  421,422 
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Miiller,  dcTclopment  of  the  ducts  of, 
into  the  Fallopian  tubes,  421, 422, 428 

Muscles  of  the  eyeball, 180 

general  action  of, 182 

associated  action  of, 186 

Muscles  of  the  eyelids, 189 

Muscles  of  the  middle  ear, 168 

Muscular  sense,  so  called, 16 

Muscular  system,  development  of,  897 

Music,  early  history  of, 168 

Musical  scale, 176 

Musical  keys, 177 

Musical  intervals, 178 

Musical  quality, 179 

Naboth,  ovules  of, 288 

Nails,  first  appearance  of, 897 

Nares,    separation   of,  from   the 

mouth, 416 

separation  of,  from  each  oth- 
er,  416 

Nasal  fossae, 26 

development  of, .  416 

Nerves,  development  of, 898 

Nervous  system,  development  of, .  898 

functions  of,  in  the  foetus,. . .  404 

Neural  canal, 860,  890,  898 

Nodal  lines  in  vibrating  plates,.. .   194 

Nodes  in  vibrating  strings, 186 

Noise,  as  distinguished  from  sound,  171 

Nose,  development  of, 413,  414 

Notocorde, 893 

Nutrition,  variations  in,  at  differ- 
ent ages, 460 

Oblique  muscles  of  the  eye,  action 

of, 134 

Q5sophagu8,  development  of, 408 

Oken,  bodies  of  (see  Wolffian  bod- 
ies),  420 

Old  age, 469 

Olfaction, 26 

membrane  endowed  with  the 

sense  of, 26 

loss  of,  after  destruction  of 

the  olfactory  nerves  or  bulbs, . .     80 

nurhanism  of, 33 

(listiiK'tion  between  odorous 

impresJsions  and  those  which  af- 
fect general  sensibility, 83 

i-iflations  of,  to  gustation,  36,  232 

Olfactory  bulbs, 28 

Olfactory  cells, 28 

Olfactory  lobes,  nerves,  and  com- 
missuiv,  development  of, 403 


TAam 

Olfactory    nerves,     physiological 

anatomy  ol^ S7 

general  properties  of; 29 

insensibility  of,  to  ordinary 

impressions, 29 

Omentum,  development  of; 407 

Omphalo-mesenteric  canal, St7 

Omphalo-mesenteric  vessels,  867, 

431,  484 

Optic  commissures, 89 

Optic  nerves,  physiological,  anat- 
omy of, 88 

general  properties  of; 48 

insensibility  oi;  to  ordmary 

impressions, 48 

expansion  of,  in  the  retina,. .     69 

Optic    thalami,  development    o^ 

899,  401 

Optic  tracts, 89 

Optic  vesicles, 402 

Ora  serrata, 56 

Orii)it, 188 

Org^m,  venereal, 386,  886,  840 

Ossicles  of  the  ear, 167,  200 

mechanism  of, 209 

articulations  of; 209 

development  of, 408 

Otoliths,  or  otoconia, 214 

Ova,  primordial, 274,  289 

Ovarian  tubes, 274 

Ovaries, 269 

formation  of  the  ligaments 

of, 423 

Overtones, 182 

Ovulation,  independent  of  coitus, .   294 
relations  of;   to    menstrua- 
tion,  296 

arrest  of,  during  lactation, . .  464 

Ovules  of  Naboth, 288 

Ovum  and  ovulation, 288 

Ovum,  structure  of, 289 

vitelline  membrane, 289 

vitellus, 290 

germinal  vesicle  and  spot, , ,  291 

discharge  of, 292 

passage  of,  into  the  Fallo- 
pian tubes, 296 

passage  of,  from  an  ovary 

into   the  Fallopian  tube  of  the 

opposite  side, 299 

disappearance  of  the  germi- 
nal vesicle, 854 

passage  of,  into  the  uterus, 

after  fecundation, 858 

villosities  of; 868 


BAAHM,  deTelopment  of,. . .  416 
pAHcreai,  development  of, 409 

FaDtllffi  of  the  toasiie 249 

►EX.                     ^^^^                                       ^^H 

Pulmonary  circulation,  flmt  CBtab-                       ^^^^1 
li.4hment  of,  at  birth, 4U                ^^^^| 

Parovnriiim, 378,  422 

pArturilion,  causcB  of, 452 

*« —  preraature,  induced  by  •rtl- 
filial  tni^>^iiiJ!L    »      -..- 452 

Pntif.trtni    r^air'ntn                                               A*J     Ofl                           ^^^^^H 

P„jUI                                                                     Rl     At\<k                                 ^H 

Pupillary  membniiie, 54,  402               ^^^B 

reflex  action  in^ 458 

irresi  of  luBmorrhage  after, 

88fl,  453 
after  detth,. ,, , 401 

Putrefaction  aflcr  death, 468               ^^^H 

Quadrilateral  canal  of  Uic  cochlea,  220               ^^^H 
Recti  muBclej  of  the  eyeball,  action                      ^^^| 

Peni^j  deFelopnient  of^,, 427 

PharTDX,  development  of, 407 

Pia  mater,  first  appearance  of, . . ,  S98 
Pia  mater  te^tiB                     .           .  .    itlS 

Refraction  by  leoae«, 17               ^^^H 

RefnictioD,  mecbaniam  of,  iu  the                      ^^^^| 

Fitch  {»ec  snund),, .,  „   173 

Pilultnrv  membrane.  - . .  * 25 

— -  b?  tlie  cornea  and  crystal-                      ^^^^1 
tineiens, 91               ^^H 

Placenta,  develypment  of,.. ..  861,  877 

time  of  limitation  of, 870 

iimtemat  portion  of, 878 

^  injection  of,  while  attaclied 

to  the  ntenis, .*.,,*   37W,  381 

Respiration,  eanae  of  iirvt  effort                            ^^| 

of,  at  birth 442                ^^M 

Re:4pirutory  etforta   before   biitli,                       ^^^^| 

404,  441                 ^^H 

RespimtoTV  system,  dovelopmenl                       ^^^^B 

relations  of  the  f(otiil  to  the 

maternal  portion*  of, 87V>,  382 

fn^''-  '  .nne*  of, 880,  885 

—  K^ *.  383 

ill                 1-of, a88 

Resultant  tonoS) 187                      ^H 

Hete  le^tii,.,,,,^ 31(1                       ^H 

Tli'^f'tnA ,             ^1                                        ^^H 

utrkiibr  glaods  of,. 884 

blood-ve»9el8  of, ,, .  384 

foHal  villi  of, 885 

extent  and  thickness  of,. , , .     55                ^^^^| 

reparation  of,  in  partaritJon,  386 

in  cases  of  twins, , 451 

PUcentai  circulation,  development 

of, ,....,..,.... 432 

Pleuro-peritoneal  cavity,  first  iip- 

pearanee  of, 391 

yellow  dpot  of  (macula  Intea^    55                ^^^H 

kycraof, 05                      ^H 

rodii  and  oones  of  (bacUlar                            ^H 

tncmbrane,  or    Jacob*!    mom-                             ^H 

brane), 55^  66                ^^M 

^  external  granule-layer  of,...     58                ^^^^| 

^—  intcr-i^ranuio  layer  of  (cone-                        ^^^^H 

flbrepleiu^), 08                ^^H 

internal  ip^nule-laycr  of,... .     08                ^^^^| 

Plica*  palraatfiB,, , 283 

PUcft  (Semilunaris, «.«..«•.>    141 

Polar  gloiiule      .      ...      ,.»,♦,     355 

Pons  VaroUi,  development  of, 4iM) 

Portal  vein,  development  of, 4S4 

Pregnancy,  influence  of^  upon  sub- 
fie4]uent  fecundations, , . .  84A 

layer  of  gangUon-cells, 58               ^^^H 

expansion  otthe  optic  nerve,    50                ^^^^H 

blood-vesaeU  of; 60               ^^^H 

oomparstiTe    flennibiUt?    lo                      ^^^^| 

light  of  dUferont  portions  of,. . .     88                ^^^1 

eminence), 456                ^^^^| 

Bima  ^lottidis, development  of,...  410                ^^^^| 
RotHenrnuUer,  oi^n  of, .  278,  422                ^^^H 

Saccule  of  the  labyrinth 214                       ^^| 

dnmtionof, 446-448 

multiple, ••— 451 

Fallopian  and  abdominal,. . .  452 

Primitive  trace  of  the  embrron, 

858,  359 

Prisms,  refraction  by, , . , »     75 

ProsUte, 321 

Prostatic  fluid, 32 1 ,  324 

Puberty, *.........,  S0*>,  459 

Puberty  and  roeodtmation, ......   300 

Ptilmonarv  artery,  first  appeaninc« 
_             or»....: , 432,433 

<^vni^                                                                                                                   ^^^^1 

Scaliv  of  the  cochlea,. 215                ^^^H 

Scarpa,  humor  of, SIS                ^^^^| 
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Schlemm,  canal  of, 53 

Schneiderian  mucous  membrane, .     26 

Sclerotic, 46 

development  of, 402 

Scrotum, 814 

Sebaceous  follicles,  first  appear- 
ance of; 897 

Secondary    membrana    tjmpani, 

166,  166 

Semen, 823 

in  advanced  age, 829 

ejaculation  of, 886 

Semicircular  canals, 166,  214 

functions  of, 224 

development  of, 403 

Seminal  vesicles, 820,  827 

Seminiferous  tubes,  816 

structure  of,  before  puberty,  827 

Septum  lucidum,  development  of,.  401 
Septum  transvcrsum  of  the  semi- 
circular canals, 219 

Serotina, 883 

Sex  of  offspring,  determination  of,  846 

Sexual  generation, 268 

Sexual    intercourse,    normal    fre- 
quency of, 833 

Sexual  orgasm,  in  the  male, 835 

— -  in  the  female, 336,  840 

Sight  (see  vision), 87  | 

Sinus  terminalis  of  the  area  vascu-  | 

losa, 430 

Siren,  mechanism  of, 174  i 

Skeleton,  development  of, 3«3 

ossification  of, 896  I 

Skin,  first  appearance  of, 397 

Skull,   development  and  ossifica-  I 

tion  of, 396  • 

Smell  (see  olfaction), 25 

Sommerring,  yellow  spot  of^ 66 

Sound,  physics  of, 166 

laws  of  vibrations  of, 169 

vibrations  of,  in  v<icuo, 169 

^—  intensity  of, 170 

reflection  and  refraction  of,.   171 

as  distinguished  from  noise,.  171 

pitch  of, 173 

range  of  vibrations  of,  in  mu- 

^'ic 174 

quality  of, 179 

harmonics,  or  overtones,.. . .   182 

two  sounds  producing  silence,  190 

Spei'iul  senses,  general  characters 

of, 12 

Sperniatic  cord, 314 

Spermutozoids, 826 


Spermatozoidfl,  intermediate  a^- 

ment  of, 326 

influence  of  reagents,  cold, 

etc.,  upon  the  movements  ol^ . . .  826 

development  of, 328 

mechanism  of  the  peaetrstion 

of;  into  the  uterus, 337 

course  of;  through  the  fenauije 

generative  passages, 341 

passage  of;  through  the  vitel- 

Une  membrane, 362 

passage  of,  through  a  delicate^ 

animal  membrane, 368 

number  o^  necessary  for  fe- 
cundation,   868 

Spherical  aberration, 80 

partial  correction  of;  by  the 

iris, 81 

correction  of,  in  compound 

lenses, 82 

Spina  bifida, 896 

Spinal  cord,  devdopment  of, 898 

central  canal  of, 898 

Spiral  canal  of  the  cochlea,. .   166,  216 

Spleen,  first  appearance  of, 409 

Spontaneous  generation,  so  called,  268 

Stapedius  muscle, 169 

Stapes, 167 

development  of, 412.  418 

Stercoriue, 465 

Stereoscope, \  .   126 

Stomach,  development  of, 406 

Strings,  subdivisions  of,  in  vibra- 
tion,    188 

Styloid  ligament,  development  of; 

412,  418 
Subclavian   arteries,  development 

of, 482 

Subclavian     veins,     development 

of, 436 

Sudoriparous  glands,  development 

of, 897 

Summation  tones, 187 

Superfecundation, »  347 

Superfoetation, 347 

Superior  maxilla,  development  of; 

412,  411 
Suprarenal  capsules,  development 

of, 424 

$}*mpexions, 324 

Tarsal  cartilages, 139 

Taste  (see  gustation), 232 

Taste-buds,  or  taste-beakers, 2&1 

Taste-cells, 262 


TJkOm 

TftBtes,  m  dtettnguiahcd  from  fla- 
vors    233 

Twins,  Siamese, 4«2                         ^H 

Trmponam, 155                           ^^M 

tymp&ni), , 197                   ^^^H 

— -  development  of, ...... .  4 1 2,  418                 ^^^H 

Umbilical  arteries, 482                 ^^^H 

Umbilii^l  arteries  and  veins,  color                          ^^^^H 

Teiins, ,..,., 14i 

Teeth,  dcTelopment  of, 416 

temporary,  eruption  of, 418 

perrnftncnt,  dereloprnunt  of,,  418 

ordt»r  of  ttppeftmnoe  of, 418 

Tempt^rature,  appreciation  of,. . » *     22 

Tensor  tympani,. 158,  211 

Testicles',  _ 814 

tunica  Tttglnalie  of, 814,  428 

tunica  albuginea  <^, Jlia 

mediastinum  of, 315 

Umbilical  cord, 870                 ^^H 

valvular  folds  in  the  vessels                         ^^^^| 

Umbilical  hernia,  in  the  eai<iler  pe-                         ^^^^1 
i-ioda  of  foetal  life, ... .  367, 372,  406                 ^^H 

^^  tunica  vasculoaa  of  (pia  ma- 
ter testis) 816 

r»i^  recta  of, 31*1 

Uuibilical  vesicle,. ^......  367                  ^^^^| 

UTiibilicus,  anmiotic,.  .,,.»,•««..  363                  ^^^^| 

iti*i>«tl«ial                                                SAT                        ^^^^H 

va*a  cfrerentia  of, Hl*j 

va*  aberrans  of.. . .  -. IH8 

development  of, ,  488 

descent  of, 4X2,  428 

Umbo 198                       ^m 

Uracbiia...... 378,405                 ^^M 

Ureters,  development  of, 424                 ^^^H 

gubemacolum  of,. 422 

Thrwnine,.., « 145 

Titillation.............. 22 

Tones  by  iniJuencc,  192 

Urethra,  first  appearance  of, 405                   ^^^B 

glands  of, 822                        ^M 

Urinary   apparatus,    development                          ^^^H 

Tongue,  papillBB  of,. , ,  249 

dovelopraent  of, 413,  414 

Tooth-puip,  development  o^ 417 

Touch,  Aenm  of, ... , » , .     17 

Hnna         thn  f™*iia                                      dJLA                       ^^^^M 

Uterua,  position  of^,  ..«,*•«*%««>-  267                  *^^^H 

l%amenU0^.. ,.  M7                  ^^^H 

^fiorui,  sue, anil  weigh! of,...  279                 ^^H 

variations  in  tactile  flcnaibU- 

ity  in  different  parta, 17,  21 

meaaurement  of  tactile  acDBi- 

bUitv IS 

mucous  membrane  of, 282                 ^^^^1 

tubes,  or  glands  of, 282                  ^^^H 

arbor  vitro  of, 28S                  ^^^H 

erectile  tissue  and  erection                         ^^^H 

of, .284,  837                  ^^H 

simutes  of,  * . .                        .     286                   ^^^^H 

^  lymphatics  and  nerves  of,.. .   285                 ^^^^^ 

changes  in  the  mucous  mem-                         ^^^^H 

brane  of,  during  mengtruation,.  806                  ^^^^H 
regeneration  of  the  mucous                         ^^^^H 

membrane  o^  during  pregnancy.  376                 ^^^^| 

double, 347  (note),  422                 ^^H 

formation  of  the  round  liga^                           ^^^H 

mentof, ...424                   ^^H 

enlargement    of,    in    preg-                           ^^^H 

relatione  of  tactile  corpi«clc9 

to  the  s^en^c  of  touchy 20 

table  of  variations  in  tactile 

seiiBibiHly  in  different  parts,* , .     21 
Trachea,  development  of,.. , .... .  410 
Tractuj*  gpiraU$«  foraminulentua,. .  219 
Transfusion,  restoration  of  life  by,  461 
Tnbercula  quadrigemina,  dcrclop- 
meot  of,. 400,  401 

Tunica  albuginea  testis, 810 

Tunica  Ruy^^chiana, 48 

Tunica  m^nalid  testis, 814,  428 

Tunica  ra.^culosa  (pia  mater)  testie,  310 
Twin*,  one  a  horae  and  the  other  a 
mule, ,..,.  348 

^ono  a  white  child  and  the 

crther  black,. 348,  452 

—  one  male  and  the  other  fe- 
male,..,.,  , 850 

•— ^  can  two  beings  be  developed 
from  a  single  ovum  f 4fil 

membranes  and  pkoenlft  in 

^_          eisesof, 451 

condition  of  the  cervix  of;  in                          ^^^H 

causes  of  contractions  of,  in                          ^^^H 

contraction  of^  aller  parturi-                           ^^^^H 

^involution  o^  after  parturi-                           ^^^H 

lion, 453                    ^^H 
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Uterus,  restoration  of  the  maeoos 
membrane  of,  after  parturition,  454 

Utricle  of  the  labyrinth, 214 

Uvea, 48,51,62 

Vagina, 267,  287 

sphincterof, 287 

double, 847  (note^  422 

Valsalva,  humor  of; 218 

ValvuIsB  conniventes,  development 

of, 407 

Vas  aberrans  of  the  testicle, 318 

Vas  deferens, 318 

development    of;    from   the 

duct  of  the  Wolffian  body,.  420,  428 
Vasa  efferentU  of  the  testicle, ....  316 

Vasa  recta  of  the  testicle, 816 

Vasa  vorticosa, 49 

Vena  innominata,  development  of,  485 

VensB  cavse,  development  of, 434 

Venereal  orgasm, 835,  386,  840 

Venereal  sense, 24 

Venous  system,  development  of,. .  434 
Ventricles  of  the  brain,  develop- 
ment of, 401 

Vemiz  caseosa, 397,  454 

Vertebral  column,  development  of,  395 

intei-vertebral  disks, 394 

Vertebral,  or  dorsal  plates, 890 

Vesiculae  seminales, 320 

fluidof, 324 

development  of, 423 

Vestibule  of  the  ear, 163,  214 

development  of, 403 

Villi  of  the  intestine,  development 

of, 407 

Visceral  arches  and  clefts, 411 

Visceral,  or  abdominal  plates,  301, 

405,  411 
Vision,  general  considerations  of;.  37 
area  of, 72,  86 


Vision,  of  near  objects  through  • 

pinhole, 110 

erect  impresisions  produced 

by  images  inverted  on  the  retina,  116 

binocular, 117 

corresponding  points  in  the 

retina, 119 

monocular, 128 

duration  of  luminous  impres- 
sions,    127 

time  necessary  for, 127 

Vitality, 461 

Vital  properties  of  organized  tis- 
sues,  255 

Vitelline  membrane  of  the  ovum, .  289 

villosities  of, 361 

ViteUus, 890 

deformation  and  gyration  of,  8M 

change  in  the  appearance  o^ 

after  fecundation,. 85ft 

nucleus  o^ 866 

segmentation  o^ 856 

Vitreous  humor, 65 

development  of; 408 

hyaloid  membrane  o^ 65 

Wagner,  spot  of, 291 

Weight,  appreciation  of, 16 

Wharton,  gelatine  of, 871 

Winking, 141 

Wolffian  bodies, 891,  42u 

ducts  of, 420 

development  of  ducts  of,  into 

the  vasa  deferentia, 420,  423 

structure  of, 421 

disappearance  of, 428 

Tolk,  principal,  or  formative,.  • . .  290 
Youth, 459 

Zone  of  Zinn, 49,  68 
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AlMtendiwl  iattln,*...T.  891,  406,  ill 

^jMireroiDbie,taciixiof, it.  US 

Absorbent  sjstem,  diiooveiy  o^.iL  42% 
Absorption,     genenl    cooaiderft* 

lionn, it  415 

— ^  by  blood-Tossels, ,13.  4 1<J 

cicpcnmentg  on  the  Action  of 

the  blood-vessels  iu,.. ...... .U.  418 

^—  in  the  mouth,. ,,.,...,.  M  420 

of  liriuidB  and  the  prorlucta 

of  diget^tion  In  the  gtomach^.  ..li.  421 
^—  in  the  small  intestine,, . .  ,il  421 

proof  of,  by  demonstration  of 

dbainen,  glaoofte,  etc.,  derived 
from  food,  In  the  blood  of  the 

porUl  iTttem, ii  421 

of  secreted  fluids  with  digest- 
ed alimentary  mfttten, iL  422 

br  lacteal  and  lymphatic  re»- 

aels,* , ii.  422 

of  gasea,  in  the  aUmenianr 

canul, .  .  .ii  422 

— —  from    parta    not    connected 
with  the  digestive  system,. . .  .ii.  450 

from  the  skin il  451 

from    the    respiratory    sur- 
face,  il  45S 

■■—  from  the  closed  cavities, , . U.  467 
'^— —  from    subcutaneous    areolar 

tissue, il  468 

from  reaerroirs  of  fflandfl,.iL  458 

from  the  urinary  bladder,..li.  469 

from  the  ductfl  and  the  paren- 
chyma of  glands, ii.  459 

^*of  fats,  mechanism  of, ii.  459 

■  —  of  mertury  and  particles  of 

carbon, - .  -IL  468 

variations  and  modifications 

of,... il  464 


PAoa 
Abfiorption  of  woorara  anJ  Ten- 

oms, ii,  4^5 

of  liquids  which  disorganize 

the  tissues,...  «,....•...  ...it  466 

influenoe  of  the  oonditioiia  of 

the  blood  and  of  tho  ¥MBdi  on, 

ti.  466 

influence  of  loss  of  blood  on, 

ii.  466 
— ^—  Infiuejiee  of  repletion  of  the 

vessels  on, ii.  46t 

influence  of  the  nervous  sys- 
tem on,,... ,'ii.  467 

Aocooimodation,  rianal^. . .  .v.  64^  104 

theories  of^. ..,..,,.. v.  105 

range  of,. ...v.  106 

changes   of  the    crystalline 

lens  In, .v.  106 

action  of  the  ciliary  muscle 

in, V.  107 

mechanisTn  of^ v.  108 

—  changea  of  the  iria  in,. . .  ..v.  108 

in  the  lem^less  eye> v.  1 10 

auditory, v.  308 

Acid  principle  of  the  gastric  juice,  ii.  288 

Addiinon^d  disease,. aiL  854 

Additional  tones,..,, v.  187 

Adipose  tissue,  anatomy  of, iii.  887 

Adoleaoence,. , «...   .v.  459 

Adult  age, ...v.  459 

^sthe^iometer, t.     19 

Ages, ,T.  469 

Agraphia, ir.  868 

Air,  difi'usion  of,  in  the  lungSi. .  A,  40A 

composition  of^. ..  .n  .  *.*  .!•  418 

changes  of,  in  pasaage  throiigh 

the  lungs, , i.  428 

—  increase  in  temperature  ot^  in 
passage  through  the  lungs,.  ..I  428 
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Air-cells,  anatomy  of, i.  362 

Album  Graecum, li.  893 

Albumen,  situations  and  quantity 

of, I    81 

mode  of  extraction  and  prop- 
erties of, I     82 

influence    of,    on    polarized 

light, I     83 

tests  for, I     88 

origin  and  functions  o^ ....  I    83 

as  an  alimentary  principle,.iL    47 

vegetable, iL    61 

—  action  of  gastric  juice  upon,.iL  258 

comparatiye  digestibility    of 

raw  and  coagulated, ii.  259 

diminution  of,  in  the  blood  in 

the  liver, iil  329 

in  milk, iil     95 

Albumen-peptone, ii.  260 

Albuminoids,  action  of  intestinal 

juice  upon, ii.  828 

absorption  of,  by  lacteals,.ii.  444 

Albuminometer, i.     84 

Albuminose, I  85,  it  263 

interference  of,  with  Trom- 

mer's  test  for  glucose, iL  264 

Alcohol,    exhalation    of,    by    the 

lungs, i.  450 

in  various  beverages, ii.  102 

elimination  of, it  103 

eflTects  of,  upon  the  nervous 

system, ii.  105 

influence  of,  upon  the  exha- 
lation of  carbonic  acid, iL  105 

influence  of,  upon  nutrition, 

ii.  106 
influence  of,  upon  the  capa- 
city for  enduring  cold, iL  109 

influence  of,  upon  the  capa- 
city for  labor, ii.  110 

Ale, iL  113 

Aliment,  definition  of, iL    44 

quantity  and  variety  of,  ne- 
cessary to  nutrition, ii.  122 

influence  of,  upon  the  capa- 
city for  labor, iL  127 

necesflity  of  variety  in, iL  128 

effects    upon  the  system  of 

restriction  to  a  single  article,. iL  180 
Alimentary    principles,    nitrogen- 

ized iL    45 

non-nitrogenized, ii.     64 

inorganic iL     68 

Alimentary  substances,  compound, 

ii.     67 


Alimentary    substances,     derired 
from  the  animal  kingdom, .. .  .U.     69 

preparation  of  those  derired 

from  the  animal  kingdom, .. .  .it     86 

derived  from  the  Tegctable 

kmgdom, n.     89 

Alimentation,  effects  of  inBuffieient 

foodinman, iL     84 

Allantois,  devdopment  of  (see  cho- 
rion),  T.  868,878 

villosities  of; t.  868 

Alternate  paralysis, it.  147,  401 

Amandine, iL     82 

Ammonia,  exhalation  of^  in  respi- 

ration, L  448 

Amnion,  formation  of, t.  861 

villosities  of, t.  868 

^^  enlargement  of; v.  870 

Amniotic  fluid, v.  866 

origin  of, V.  866 

property    of;  of  preserring 

dead  tissues, ▼.  866 

AmpullflB  of  the  semioircalar  ca- 
nals,  ▼.  214 

Amputated  members,  sensation  hi, 

iv.     89 

Amylacea,  corpora, iv.     69 

Amyloid  matter,  in  the  liver,.  ..liL  820 
Andersonville,   condition    of    the 
United  States  soldiers,  prisoners 

of  war  at, iL     87 

AndraPs  ninety-three  cases  of  dis- 
ease of  the  cerebellum,  analysis 

of, iv.  878 

Anelectrotonus, Iv.  1 19 

Anencephalic  and    acephalio  foe- 
tuses,   iv.  442 

Angle  alpha, v.     71 

Anosmia, v.    82 

Anus, iL  890 

development  of, v.  408 

imperforate, v.  408 

Aorta,  abdominal,  first  appearance 

of, V.  391 

development  of, v.  482 

Aortae,  primitive, v.  890,  481 

Aortic  arches, v.  481 

Aphasia iv.  350 

first  case  of,  on  record,. .  .iv.  852 

cases  of, iv.  864 

relations  of  facts  observed  in, 

to  dextral  preeminence, v.  467 

Appendix  vermiformis, ii.  385 

development  of, v.  406 

Appendices  epiploicse, iL  887 
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Appetite^ it    15 

modificAtioofl  of,  bj  aeftflon 

and  temperaturef.. .........  iL     IS 

'  mfluGticQ    of   cxemse,  eto., 

upon, ..,♦.. ii,     16 

—  influence  on,  of  extirpatioti  of 

the  spleen  or  of  oae  kidney,.. ii.     17 
Aqauduct  of  Sylvina,  development 

of, ..*v.  402 

Aquooufl  huraoFf .  .,.,,*,....•.  r*    64 

Aniclinoid, It.  2A9 

first  uppeiamnoe  of, .t.  898 

Area  pelludda  of  the  oTttm,. . ,  ,t.  856 
ArenTiLSCiiloaa,. ,......,«,«,« ,T.  430 

Arnold's  gtmglion, ,  *  .iT.  420 

Arteries,  circuktton  in, i«  240 

physiological  aiiAtomy  o^.J.  241 

dirisioni  of, I.  2ia 

coats  of, L  248 

ner¥C9  in  walls  ot^, , i,  246 

^—  blood-vessels  in  walls  of, . .  .1.  245 

elasticity  of, i.  246 

cxpcriiuentfi  Bhowing  dilata- 
tion of,» , i.  247 

— -  influence  of  eladtietty  of,  on 

the  current  of  blood, L  248 

contractility  of, i.  260 

locomotion  of,  and  produo* 

tlon  of  the  puke, i.  252 

—> —  variations   in  call  lie r  of,  at 
different  periods  of  the  day.,  .i.  261 

Arterial  pressure, , L  261 

in  dLfibrent  vedsels, i.  266 

influence  of  respimtion  on,.i.  267 

influence  of  haemorrhage  on,  i.  269 

Arterial  circulation,  rapidity  of,.i.  270 

apparatus  of  VolkinftiMi  and 

H§ttenbclm  for  measuring  ra- 
pidity of,,,.. .......,l  271 

— —  apparatus  of  Vierordt,. . .  J.  272 

apparatus  of  Chauveau,. .  .i,  278 

rapidity  of,  in  different  ve*- 

selft, i.  274 

Arterial  murmurs,.. .....,,...  .1.  270 

Arterial  system,  development  of,.v.  482 

Arytenoid  muscle, iii*  404, 405 

A^>aragas. ........it     99 

Asphyxia, ..,..., .i.  490 

^"^  power  of  resistance  to,  in  the 

newly-bom, i.  421,  400 

• from  breathing  in  a  confined 

epace,,., i,  491,  496 

from  charcoaUfumes, i,  491 

influence  of,  on  the  pulmona- 
ry circulation, X  843 


Astigmatistn, v,  98 

Associated  movements, ...... .iv.  86 

Atrophy,  progressive  ma»cular,.iT.  448 

Audition,  general  mechanism  of,. v.  146 

summary  of  mechanism  of,.v.  229 

Auditory  apparatus,  divisions  of, 

V.  162 
Auditory  nerves,  physiological  anut^ 

omy  of» .V.  147 

general  properties  of, v.  148 

^ action  of  galvaniam  upon,. v.  149 

development  of, ........ ..v.  408 

Auditory  vesicle, , ,T.  402 

Auricular  branches  of  the  pneumo* 

gastrics  (see  pueuroogastrir)^,iv.  216 

Axts-cylindcr  (see  nerve-flbre)^ .  i  v.  21 

Aiygoa  uTuliB  muaole,. , , ,. il.  186 

Azygos  veins,  development  of,., v.  434 

Badllar  membrane, v.     56 

Baking,   in    the    preparation    of 

foo<^  .....ii     88 

Barley, ii.     92 

Barren wiPfi  test  for  sugar,. . . .  .iii.  802 

Bartbolinus,  glands  of^ t.  886 

Barytone  voice,. . ,  .„  ,,»....  .Hi.  604 

Bassvouje, ,....,, iii.  604 

Beats,  a  cause  of  disaonance,. .  .v.  191 

Beef; *- ii.    70 

compoiitioii  of, ii    7i 

BeefstaakL  composition  of,  cook- 
ed  u,    72 

Beer,.. Ii.  118 

Beet-root, U.     99 

Bellini,  tubea  o^ iii.  148 

Bertin,  columna  of,. tiu  146 

£t§oiH  de  rmpiter^ i.  479-484, 

iv.  236,  408 

T^^— '""-^te  of  soda, i    46 

cth ii  142 

n  o<^  in  digestion, ii,  860 

eaperiment  to  ascertain  quan- 
tity of,  secreted,.,. . . ii  364 

■^—  eiicrementitious  and    recre- 
mentitloua  properties  of,, , .  .ii.  866 

general  physical    propertiee 

of, .' ii  866 

reaction  of, .H.  866 

peculiar  salts  of,. .ii.  860 

. influence  upon  the  formttion 

of  chyle  of  ligating  the  common 

bile-duct, il  868 

influence  of,   in  preventing 

putrefactive  chan^efi  in  the  con- 
tents of  the  intes^tine, ii  871 
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TJkam 
Bile,  influence  of,  upon  peristaltic 
movements  of  the  intestine,.. ii. 

871,  880 

influence  of^  on  the  digestion 

of  fat, il  872 

influence  of,  in  exciting  con- 
tractions of  the  intestinal  yilli,. 

il  878 

resorption  of  salts  of,  in  the 

intestine, it  874 

variations  in  the  flow  of,  with 

digestion, it  876 

imbibition  of   Uie  coloring 

matter  of,  by  the  walls  of  the 

gall-bladder  after  death, ii.  504 

mechanism  of  the  secretion 

and  discharge  of, iil  260 

secretion  of,  from  venous  or 

arterial  blood, iil  263 

quantity  of, iiL  266 

variations  in  the  flow  of,.iii.  266 

influence  of  the  nervous  sys- 
tem upon  the  secretion  of,,  .iii.  267 

mechanism  of  the  discharge 

of, iil  267 

general  properties  of,. . .  .iil  268 

specific  gravity  of, iii.  269 

reaction  of, iil  259 

—  coloration  of  the  tissues  by, 

iil  259 

composition  of, iii.  260 

proportion  of  solid  constitu- 
ents in, iil  261 

inorganic  constituents  of,. iil  262 

fatty  and  saponaceous  con- 
stituents of, iil  262 

lecithene  of, iil  262 

choline  of, iii.  262 

peculiar  salts  of, iil  262 

taurocholate  of  soda  of,,  .iii.  263 

process  for  the  extraction  of 

the  biliary  salts, iii.  264 

^glycocholate  of  soda  of,.  ..iil  266 

origin  of  the  peculiar  salts 

of, iil  266 

the  biliary  salts  do  not  accu- 
mulate in  the  blood  after  extir- 
pation of  the  liver, iil  267 

cholesterine  of, iii.  267 

coloring  matter  of  (biliver- 

dine), iil  273 

tests  for, iil  274 

Pettenkofer's  test  for, iil  275 

exerementitious  function  of, 

iil  277 


FASB 

Bile-ducts,  arrangement  of,  in  the 

lobules  of  the  liver, iii  Ml 

Biliary  fistula, it  861-468 

observations  on  an   animal 

with, it  369 

Biliary  matter, iL  S66 

Biliary  resin, iL  866 

Biliary  passages  (see  liver),.  ..JiL  245 

Biliverdine, L     98 

test  for, fiL  276 

Binocular  fusion  of  colors, t.  126 

Binocular  vision, t.  117 

Birds,  flesh  of,  used  as  food, . .  .iL     76 

BUck  Hole  of  Calcutta, L  49S 

Bladder,  mucous  membrane  of^  iiL 

49,  181 

anatomy  of^ iiL  179 

sphincter  ofi iiL  181 

corpus  trigonum, iiL  181 

blood  -  vessels,  nerves,   and 

lymphatics  of, iiL  182 

influence  of  the  nervous  sys- 
tem on  the  movements  of, .  .iu.   184 

formation  of^ v,  878,  405 

Blastodermic  cells, t.  867 

Blastodermic  layers,,  .v.  869,  387,  889 
Blastodermic  layer,  vascular  (so 

called), V.  430 

Blcpharoptosis, v.  140 

Blind  spot  of  the  retina, v.  87,  90 

Blood,  general  considerations,.  .L     95 

immediate  importance  of,  to 

life, L     96 

experiment  of  withdrawing  a 

large  quantity  of,  from  the  ves- 
sels,   L     97 

transfusion  of, L     97 

transfusion  of,  in  disease,. .  L     98 

transfusion    of,    in    experi- 
ments on  animals, i.     99 

entire    quantity  of,   in  the 

body, L  100 

reaction,  odor,  and  opacity 

of, L  104 

temperature  and  specific  gra- 
vity of, L  105 

color  of, i.  106 

color  of,    in  veins    of   the 

glands, i.   107 

analyses  of, L  127 

inorganic  constituents  of, ..L   128 

organic  nitrogenized  constit- 
uents of, i.   129 

organic  non-nitrogenized  con- 
stituents of, I   129 
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Blood,  quantitative  aQalyses  of,..i.  ISO 

quantitatiye  analysis  of,  by 

.  the  method  of  Becquerel  and 

Rodier, I  181 

quantitative  analysis  of,  by 

the  author's  method, i.  184 

table  of  composition  of, . .  .i.  188 

coagulation  of, L  142 

rapidity  of  coagulation  of, 

i.  148 

circumstances  modifying  the 

coagulation  of, i.  149 

coagulation  of,  in  the  organ- 
ism,  i  150 

office  of  coagulation  in  arrest 

of  haemorrhage, i.  168 

cause  of  coagulation  of,. .  .1.  166 

summary  of  properties  and 

functions  of, L  167 

changes  of,  in  respiration,. i.  462 

difference  in  color  between 

venous  and  arterial, L  464 

general  differences  between 

venous  and  arterial I  470 

^^  analyses  of,  for  gases,.i.  458-464 

condition  of  gases  in, i.  466 

as  an  article  of  food, ii.     76 

Blood-corpuscles  (red), i.  108 

-^-^  anatomical  characters  of,,  .i.  109 

table  of  measurements  of,.i.  113 

chemical  characters  of, ....  i.  117 

development  of,. ..  .1 118,  v.  429 

functions  of,. L  120 

(white), I  121 

elementary  corpuscles,  . .  .i.  126 

absorption  of  oxygen  by,,  .i.  466 

changes  of,  in  passing  through 

the  liver, iii.  829 

structure  of,  in  the  foetus,. v.  429 

Blood-crystals, i.  117 

Blood-vessels,  development  of,.. v.  429 
Boiling,  in  the  preparation  of  food, 

ii.     88 
Bones,  physiological  anatomy  of, 

iii.  479 

fundamental    substance    of, 

iii.  480 

Haversian  rods  of, ill.  481 

Haversian  canals  of, iii.  481 

lacunffi  of, iii.  481 

canaliculi  of, iii.  482 

marrow  of, iii.  488 

generation  of,  by  transplan- 
tation of  marrow, iii.  486 

periosteum  of, ill  485 
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Bones,  generation  of,  by  transplan- 
tation of  periosteum, ilL  486 

Bone-corpuscles, iii.  482 

Botal,  foramen  of, v.  486,  442 

Brain  (see  cerebrum  and  encepha- 

lon), iv.  818 

comparative  size  of  the  right 

and  the  left  side  of, v.  457 

Branchial  vascular  arches^.v.  411, 

482,  483 

Bread, ii.    92 

mode  of  making, ii.     93 

made  of  gluten, ii.     63 

brown, ii.     95 

unfermented,  or  aerated, .  .ii     96 

Breathing  capacity,  extreme,. .  ..i.'403 
Broiling,  in  the  preparation  of  food, 

ii.    88 
Bronchial  tubes,  anatomy  of, . . .  .i.  860 

development  ofi v.  410 

Brunner,  glands  of, ii.  813 

Buccal  glands, il  166 

Buckwheat,... il     91 

Burs®, iii  39,  42 

Butter, il  80,  iii.  9". 

Buttermilk, il    79 

Butyrine, iii     96 

Cabbage, il     99 

Cadaveric  rigidity, v.  461 

in  animals  killed  by  lightning 

or  hunted  to  death, v.  462: 

Caecum, il  884 

development  of, v.  406  • 

Caffeine, il  119 

Cake, ..il     96 

CalTs  head  and  feet,  used  as  food, 

ii.    76 

Calorific  elements, I    60 

Canaliculi,  of  bone, .iii  482 

Canalis  reuniens, v.  214 

Canals  of  Cuvier, v.  434 

Canine  teeth, il  142,  143 

Capillaries,  circulation  in, I  278 

anatomy  of. I  279 

distribution  of, I  281 

course  of  blood  in, I  283 

Capillary  system,  capacity  of,. .  .1  282 
Capillary  circuUtion,  microscopical 

examination  of, I  284 

rapidity  of, I  289 

relations  of,  to  respiration, .  I  21*0 

causes  of, I  203 

phenomena  in  patients  dead 

with  yellow  fever, i.  295 
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Capillary  circulation,  influence  of 

temperature  on, i.  297 

influence  of  direct  irritation 

on, L  208 

Capillary  attraction, ii.  479-482 

Caprilinc,  in  milk, iii.     96 

Caprine,  in  milk, iii.     96 

CaproVne,  in  milk, iii.     96 

Caput  coli,  development  of, v.  406 

Carbon,  comparison  between  the 
(|uantity  of,  discharged  and  the 

quantity  ingested, ii.  124 

penetration   of  particles   of, 

into  the  blood-vessels, ii.  464 

Carbonate  of  lime, i.    42 

crystals  of,  in  the  internal 

ear i.  18,  48,  v.  214 

formation  of,  in  analysis  by 

iuchieration, i.    43 

quantity  of  (table),  and  func- 
tion,   i.     43 

Carbonate  of  lime,  action  of  the 

gaHtrio  juice  upon, ii.  270 

Carbonate    of  soda,   quantity  of 

(table),  and  function, i.     44 

Carbonate  of  potassa  and  carbon- 
ate of  magnesia, i.     46 

Carbtmaceous  matter  in  the  lung8,.i.  864 

Carbonic  acid,  discovery  of, i.  410 

exiiulation  of,  in  respiration,!.  424 

influonce  of  arrest  of  respira- 
tory movements  on  the  exhala- 
tion of, i.  425 

quantity  of,  exhaled, i.  427 

influence  of  age  on  the  exha- 
lation of, i.  431 

influence  of  sex, i.  432 

influence  of  digestion, i.  i'.Ui 

influence  of  diet, i.  435 

influonee  of  alcohol, i.  437 

influence  of  sleep, i.  439 

influence    of    moisture    and 

temperature, i.  411 

influonce  of  season.^,. i.  442 

sourci'S  of,  in  the  expire*!  air,.i.  445 

proportion  of,  in  arterial  and 

venous  blrjod, i.  464 

eonilition  of,  in  the  blood,..!.  467 

ell'eet  of  inhalation  of, i.  492 

produetion  of,  in  respiration. 
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in  the  urine iii. 

Carbonic  oxide,  exhalation  of,  by  | 

the  hmgs,  when  uijected  into  the  | 

blootl, i.  450  I 


Cardinal  veins, t.  484 

Cardiometer  of  Magendie  and  Ber- 
nard,  L  268,  S;^5 

of  Marey  (differential),. . .  .L  264 

Carotids,  tendency  to  sleep,  pro- 
duced by  compression  or  liga- 
ture of, iv.  465,  456 

Carotid  arteries,  development  of, 

V.  482 

Carrots, ii.     99 

Cartilage,  anatomy  of, iii.  486 

Cartilage-cavities, iii.  487 

Cartilage-cells, iii  487 

Cartilage,  fibro-, iii.  488 

Cartilagine, •....L     91 

Canincula  lacrymalis, v.   141 

Caseine, i.  86,  ii.  48,  iii.  94 

vegetable, ii.     51 

action  of  the  gastric  juice 

upon, .' iL  261 

Caseine-peptone, iL  262 

Caspar  Uauser,  case  of, v.   121 

Catalysis,  definition  of,. ....... .1.     74 

Catelectrotonus, iv.   119 

Cauda  equina, iv.  265 

Cauliflower, ii.      99 

Celery, ii.      99 

Cellulose, iL     60 

Cement  of  the  teeth, iL   140 

Cephalo-rachidian  fluid, . .!.  334,  iv.  261 

effects  of  sudden  discharge 

or  increase  of, iv.  268 

I)roperties,  composition,  and 

functions  of, iv.  264 

Cereal  grains, ii.     90 

Cerealine, iL      95 

Cerebellum,  physiological  anatoniv 

of, '. iv.  359 

course  of  the  fibres  in...  .iv.  361 

general  properties  of, . . . .  iv.  362 

functions  of, iv.  363 

extirpation  of,  in  animals,.iv.  365 

I)athological  facts  bearing  up- 
on the  functions  of, iv.  372 

analysis  of  Andral's  ninety- 
three  cases  of  disease  of, ....  iv.   373 

additional  cases  of  disease  of, 

in  the  human  subjwt,.  .iv.  378—386 

eonelusions  with    n^rd    to 

the  funetions  of,  in  nmscular  co- 
ordination,  iv.   386 

connection  of,  with  the  gen- 
erative functions, iv.  388 

movements  of  the  testieles, 

vasa   deferentia,   uterus,  Kallo- 
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pian  tnbea,  He,  prodoced  bj  ir- 

ritntioii  of, iv.  863,  389 

Cerebellum,  caiu|Jiirtitive  sine  of, 
in  sLalUouB,  tnnres,  nad  geldlugB, 

iv»  889 

companktiTe  deTelopmcnt  of, 

ia  the  lower  aalmals, iv.  890 

pfira lysis  &oni  disease  or  in- 

jury  of,/. , iv.  890 

properties  of  the  peduncles 

of,.... ,_...,.. .»...iv.  415 

development  O^. - v.  iOO,  401 

Cerebral  vesicles, .,r.  8l»» 

CerehrHt«  of  soda, iv,     69 

Cerebration,  uDcotiacioilAi, ,  * .  Jr.  449 

Cerebri  c  aciii, ,,....  iv.    59 

Cerebrioe,.,.. .*  . .  ,iv.    69 

Cerebro-spinal  tutla^  general    ar- 

rangeinent  of, . . , iv.  257 

itienibranes  of,. It.  258 

Cerehro-splnal  fli^id  (aee  cephalo- 

raehidian  duid),. « , . .  Jv.  261 

Cerebrum,  9appo»ed  regeneration 

of,  after  eitirpation....  .iv.  63,  836 
•^  reflex  action  of,  In  dream », 

iv.  31X1,  449 

phv^i..i-.n-i.-i)     anatomy    of 

(^•*c^  ii,... iv.  S2l 

g-  : sorties  ol^.  ...iv.  823 

eJLciiAbiiiij  of  certain   por- 
tions of, , iv.  823 

functions  of, iv.  324 

extiqiation  of,  in  ftnimalei,.iv.  327 

patholo]erieal    facts    be^kfing 

upon  the  functions  of,. . . , .  .iv.   837 
■  effects  of  htenjorrbagt"  in,  J  v.  3H7 

development  of,  in  irnoli*,,iv.  888 

comparative  devclopractit  of, 

in  the  lower  animnb, ...... .iv.  340 

development  of,  in   different 

race*  of  men  ond  in  ditferent 

individuals, iv.  341 

^—  comparison  of  the  quality  of, 

with  the  'quality  of  mustcle,.  .iv.  S42 
— —  table  of  weights  of  the  brain 

in  the  CaueoiiiBn,  negro,  etc,,Jv.  345 
— ^  table  of  weights  of  the  brain 

in  individuaU, , ir.  345 

ItKation  of  ibe  tacuky  of  ar- 
ticulate language  in  the  anterior 

lubiJ*  of, iv.  350 

condition  of  ve^aela  of,  dur- 
ing sleep,. .iv.  457 

— ^  physiological  repair  of,  dur- 
ing aleep,, ,iv.  458 


Cerebrum, development  of,. v.  899,  401 

Cerumen, .iii  69,  ▼.  164 

CeruminouB  glands, iil  60 

Cervical   ganglia    of  the  sym pa- 
thetic,.  .,  .iv.  421 

Chambers  of  the  eye, v.  52,  65 

Cheese, ii.  81 

composition  of,. ........  ji.  8t) 

— — >  made  of  peas, ...........  ii.  52 

Che8i*regiBter  of  the  voice,. , ,  .iii.  6<>9 

Chiasm  of  the  optic  nerves, . r.  89 

Chiceory, iL  WW 

adulteration  of  coffee  with,.ii.  118 

Chick,  different  atagea  of  develop- 
ment of,. V.  389 

Childhood, .v.  459 

Chloride  of  sodidm, ..... .1  85,  ii.  64 

quantity  of  (table), i.  85 

*  function  of, , .  .i.  86 

desire  of  all  animals  for,,  .i.  87 

effect  of  deprivation  of,  on 

nutrition, .,,,.... i.  87 

quantity  of,  in  blood,  ahno^ 

constant,. L  88 

- — -  removal  of  excess  of ,  by  the 

kidncysi,. .,i.  88 

Chloride  of  potassium, ,i.  89 

Chloride  of  ammonium i.  47 

Chlorides,  in  the  urine,, , . iii.  211 

dailv  eUmiuation  of,  in  the 

urine,.; Hi  S19 

Chocolate, ii,  120 

preparation  of,  for  uee,. .  ,iu  121 

Choleie  acid, .if.  866,  iiL  265 

Cholesterine, iv,  56 

transformation  of,  into  iter* 

coriiie, li.  402 

-   presence  of,  in  the  fiecea,  un* 
der  certain  conditions,  and  in 

the  meconium, H.  403 

in  the  bilei, , Hi.  267 

situations  of,  in  the  organ- 
ism,  Iii.  268 

— -  chemical  properties  of,..  Jii,  269 

crvBtals  of,. ,  .lU,  2«U 

extraction    of,    from    gall* 

Btonee, , iii  271 

extraction  of,  from  the  ani- 
mal ti^i^ue.i  or  fluids... ....  .Hi.  271 

functions  of, Iii.  277 

—  origin  of,  in  the  economy,. iii.  279 
experiments  showing  forma- 
tion of,  In  the  nervoua  tisine, 

iiL  280 
presence  of,  in  the  spleen, .  iii,  280 
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rAax 
Cholesterine,  experiments  showing 
absence  of,  in  the  blood  from 

paralyzed  parts, iii.  284 

elimination  of,  by  the  liver,  iii.  286 

experiments   showing   dimi- 
nution of,  in  the  blood  passing 

through  the  liver,. iii.  287 

examination    of   the    blood 

for,  in  simple  icterus,  cirrhosis, 

etc iii  292 

■ in  the  crystalline  lens,. ..  .V.     63 

in  the  meconium, v.  409,  466 

as  an.  excretion,  in  the  fcetus, 

V.  466 

Cholestersemia, iii.  294 

Gholic  acid, ii.  866,  iii  266 

Choline, iii.  262 

Ghondrine, ii.    48 

Chorda  dorsalLs, v.  890,  893 

Chorda  tympani  nerve, v,  236 

functions  of, iv.  166 

influence  of,  upon  the  sub- 
maxillary secretion, iv.  168 

Chordae  vocales, iii.  492 

Chorion,  permanent, v.  868 

villosities of,. v.  869 

Choroid, v.    48 

Choroid  plexus, iv.  260 

Chromatic  aberration, v.     82 

correction  of, v.     83 

Chyle, ii.  629 

general  properties  of,.il  630,  531 

quantity  of,   ii.  632 

— -  composition  of, il  633,  636 

presence  of  sugar  in, ii.  637 

microscopical  characters  of, 

il  637 
Chyle    and    lymph,   comparative 

composition  of. ii.  636 

presence  of  sugar  in, il  520 

presence  of  urea  in, il  520 

currents  of, il  638,  640 

influence  of  the  forces  of  en- 

dosmosis  and  transudation   on 

the  currents  of, il  640 

influence  of  the  contractile 

walls    of   the  vessels   on    the 

currents  of, il  642 

influence  of  pressure  from 

surrounding  parts  on  the  cur- 
rents of, il  643 

influence   of  movements   of 

respiration  on  the  currents  of, 

il  644 
Cider, il  114 


Cilia,  where  found, iii  489 

Ciliary  ganglion, iv.  419 

Ciliary  glands, iii.     6S 

Ciliary  motion, iiL  488 

Ciliary  muscle  (ciliary  ligament), . 

T.     00 
action   of,    in    accommoda- 
tion,  T.  107 

Ciliary  nerves,  influence  of,  upon 

the  iris, iv.  183,  419 

Ciliary  processes, ▼.     49 

Cilio-spinal  centres,. . .  .iv.  488,  v.   102 

Circulation,  discovery  of, t   170 

general  course  of, L  175 

action  of  the  heart  in  (see 

heart),..    L  177 

in  the  arteries  (see  arteries),.L  240 

in  the  capillaries  (see  capil- 
laries),  L  278 

—  in  the  veins  (see  veins), . . .  i.  801 

derivative, L  889 

pulmonary, L  840 

general  rapidity  of, i.  348 

rapidity  of,  in  different  ani- 
mals,  L  346 

relations  of  rapidity  of,  to 

the  frequency  of  the  heart's  ac- 
tion,  I  348 

—  influence  of  the  pneumogas- 
trics  upon, iv.  228 

influence  of  the  sympathetic 

system  upon, iv.  482,  488 

first,  or  vitelline, v.  480 

first  appearance  of, v.  481 

second,  or  placental, v.  482 

in  the  foetus, v.  436 

third,  or  adult, v.  441 

Circulatory  system,  phenomena  in, 

after  death, i.  851 

development  of, v.  428 

Clams,  used  as  food, ii.     84 

Cleft  palate v.  416 

Climate,   infiuence   of,   upon    the 

diet, il   128 

Clitoris, v.  287 

Cloaca, V.  405, 427 

Closed  follicles  of  the  stomach,. ii.   217 

Clot,  characters  of, I   144 

Coagulation    of    the    blood    (see 

Mood), I   142 

Cochlea v.  165,  214 

canal  of, v.  2ir» 

functions  of,.  ...:,...•. .  ..v.  225 

Cocoa,  composition  of, il   121 

Coffee, ii.  114 
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Coffee,  influence  of;  upon  capacity, 

for  labor,...., it  114 

influence  of;   upon  capacity 

for  ondiiring  cold, ..•,...,,. it  lift 

cooipoaitlon  of,. ,.,. iL  117 

Tanetiesof, u,  118 

aduUcratJon  of,  with  ibe  chie- 

cnrv-r<iot, , , , ,  ♦  .iL  118 
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Corpora  striata,  development  of,.v.  401                  ^^^^1 

....iv,  412                 ^^H 

iimum,,, . ..,.  .T.  8H                 ^^^^1 

of  pregnancy,. ........ .  ..t.  809                       ^H 

Corpus  str1atum,'effect«  of  ledon                                ^H 

997                               ^H 

LnlUsionof  tbe  leaves  of;..  .iL  11« 

Coitus, ,.T.  831 

Corraspondmg  retinal  points,... v.  119                        ^H 
Corti,  membrane  of, ,  .v.  215                         ^^| 

Colon, ....iL  «Bi 

muscular  band«  of, ii.  888 

Cobring  matter*, L     92 

absorption  of,  by  the  lacte-         ' 

ak iL447 

gangUonof,.....,,.^. v.  220                   ^^H 

piUarsof,. .«,....v.  221                 ^^^H 

Gotufmo,  humor  of, ,  v.  218                 ^^^H 

Color-blindness,.. , t,    76 

Colors,  binocular  ftision  of, ▼.  IM 

complementary, v.     76 

theory  of  the  perception  of,.v.     76 

Cdoatniin iiL  102 

V      94)4                             ^^^^1 

..^daafood, ....iL     85                  ^^^M 

Cranial  eavity,  circulation  in,. .  .1.  832                 ^^^^| 

amorphoua  aheath  of  blood*                        ^^^^M 

veaseU  of;.. ,  ,L  888                ^^H 

Cream,.... iL     79                 ^^H 

sepamtion  of,  fhim  milk,. iiL     89                  ^^^B 

specific  gravity  of, ...  iiL     S9                          ^H 

Creatine  and  creatinine, iii.  2«>4                        ^H 

djuly  elimination  of; iii.  207                         ^M 

Cremaster  musole, v.  814^  423                         ^H 

Cre^e.s .......ii.     99                         ^M 

Crico-arrtenoid  muscles^  lateral,. .                         ^_^H 

iU.  494,  498                 ^^^M 

p^t^^P                                    4(ia                 ^^^H 

corpusdea  of,. iii.  108 

composition  of, iiL  104 

^^  quantity  of,  as  an  indit^tion 
of  the  probable  quantity  of  milk, 
^                                                              ill  106 

^^m      Complemental  air L  401 

^^F      Conception  at  nnusnalty  early  and 

m               advanced  ages, .t.  300 

■            Condimnnts, iL  100 

^^^       Cone-flbrc  plexus, ,  ..T.     58 

^H      Cones  (see  roda  and  oone^X ▼-    ^8 

^^"        Conjunctiva,.. *♦..▼+  141 

Crieo:tbyroid  muaclea,. . .  .iiL  494,  495                 ^^H 

Crut^taci'A,  used  aa  food, At.     85                 ^^^^| 

Crystalline  (proxiinatd  principleK*                         ^^^H 

L  90.  V.                      ^^H 

CryatalUne  lens, v.    80                ^^^H 

W             Connective  tissue, •...,., iii.  454 

E             Connective-tiaaae  cells, * . .  ilL  455 

m               eoce), ....V.  194 

^K      GcniMiMmtB, iii.  514 

^^B      Contrtlto  vmoe, iiL  CK)4 

afr.Ml                                                                                   V                                                          ^^^^1 

^^       CcoiTiilaiona  from  httmorrhagc, .  .1  486 
■              CodrdlnatiOQ  of  muscular  actiona, 
^^_           probable  function  of  the  poster 
^^H          dor  white  columns  of  the  «pinal 

composition  of,.' .t.     88                  ^^^^| 

suspensory  ligament  of;. ,  .v.     88    ^             ^^^^H 

ir    lOA                 ^^^m 

m            cffecta  upon,  of  injury  or  re- 

H                 moval  of  tlie  cerebellum,. . .  .iv.  866 

■             functions  of  the  cerebellum 

■  in Iv.  888 

development  of,. ... , v.  402                 ^^^^1 

Cuniulu.s  prt:)ligera», v.  277                 ^^^^| 

Curling  arteries  of  the  placenta,                         ^^^^1 

^^      Corium  (see  akin), iO.  114 

canals  of,. v.  484                  ^^H 

Cyanosis  neonatorum^  « . , v.  442                   ^^^H 

Cyon,  depresiior-nfrve  of,  .Iv.  308,  229                       ^H 
CyUfblaslions,  in  the  skin, uL  115                  ^^^M 

Dacryotine, . w  145                 ^^^^| 

TWlt/miimi,                                              Y       T8                      ^^^B 

^^V      Cornea, ...v.    48 

H             rcfmction  by, , , . , ▼.    91 

1             development  of, T.  402 

m              leruiiiiatioiis  of  nervo*  in, ,  iv,     46 

■               Corpora  am vtacea, iv.     69 

1              Corpora  stnuta,  lunctions  of,..iv.  898 

^^^^^^^M 
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Dartos, v. 

Death,  physiological,. . .  .iy.  410,  v. 
contraction  of  muscles  after, 

V. 

apparent  growth  of  beard  af- 
ter,  V. 

parturition  after, v. 

restoration  of  life  after,  by 

transfusion  and  artificial  respi- 
ration,  V.  461 

putrefaction  after, v.  463 

Decidua,..#f. v.  873 

—^  fatty  degeneration  of,  as  a 

cause  of  parturition, v.  453 

^—  serotbia, v,  383 

Defecation, it  406 

—  sensations  which  precede  the 

act  of, iL  406,  408 

—  relaxation  of  the    external 
sphincter  in, ii.  408 

—  action  of  the  levator  ani  in, 

it  408 
muscular  acts  concerned  in, 

u.  409 
influence  of  the  nervous  sys- 
tem upon, ii.  410 

Deglutition, ii.  181 

—  physiological  anatomy  of  the 
parts  concerned  in, ii.  181 

mechanism  of, ii.  188 

first  period  of, ii.  188 

second  period  of, ii.  191 

■  protection   of   the   posterior 

nares  during  the  second  period 

of, ii.   192 

protection  of  the  opening  of 

the   larynx   during   the   second 

period  of, ii.  194 

-^—  function  of  the  epiglottis  in, 

ii.  194 

closure  of  the  glottis  in, .  ..ii.  196 

importance  of  the  sensibility 

of  the  top  of  the  larynx  in,.  ..ii.  197 
—-  study    of,    by    autolar}'ngo- 

scopy, ii.  202 

third  period  of, ii.  204 

action  of  the  oesophagus  in, 

ii.  204 
duration  of  the  third  period 

of, ii.  205 

character  of  the  movements  I 

of, ii.  206  ' 

—-  in  various   positions  of  the 

body, ii.  206 

of  air il  207 


Deglutition,  influence  of  the  facial 

nerves  upon, It.  162 

influence  of  the  spinal  acces- 
sory nerves  upon, iv,  175 

influence  of  the  sublingual 

nerves  upon, W.  182 

influence  of  the  superior  la- 
ryngeal nerves  upon, iv.  218 

mfluence  of  the  oesophageal 

branches  of  the  pneumogastrics 

upon, iv,  241 

Dental  bulbs, ▼.  417 

Dental  follicles, ▼.  417 

Dentine, iL  140 

development  of, ▼.  417 

Depressor -nerve  of   the  circula- 
tion,  iv.  208,  229 

Derma  (see  slcin), ilL   114 

Descemet,  or  Demours,  membrane 

of, v.     47 

Development  after  birth, v.  458 

of  the  chick,  different  stages 

of, V.  389 

Dextral  preeminence, v.  456-458 

Diabetes,  artificial, UL  178,  325 

production  of,  by  the  inhala- 
tion of  anesthetics  and  irritating 

vapors, iii.  327 

Diabetic  sugar, i.     50 

Dialysis  (note); ii  477 

Diaphragm,  action  of,  in  respira- 
tion,   L   869 

development  of, t.  408 

Diaphragmatic  hernia,  congenital, 

V.  408 
Diarrhoea,  influence  of  the  sympa- 
thetic system  in  the  production 

of, iv.  434 

Diastase  (note), ii.     59 

animal, ii.   179 

Diet  (see  aliment), ii.     44 

Diffusion  of  air  in  the  lungs,. . .  .i.  406 

Diffusion  of  lit^uids, ii.  489 

Digestibility  of  different  articles,  ii.  273 
Digestion,  general  considerations, 

ii.   183 

duration  of, ii.   184 

in  the  mouth, ii.   185 

in  the  stomach, ii.  2^8 

influence  of  exercise  upon,  ii.  282 

influence  of   loss  of   blood 

upon, ii.    281^ 

influence  of  as^o  upon, ii.   283 

influence  of  tlie  nervous  sys- 
tem upon, ii.  283 
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Btgeetkon,  in  tbe small  liite9tme,..u.  308 
.    -^  infiufimoe  of  the  pntsiuuognd- 

tric«  upon^, iv.  248 

Digt^!dtivc  appAratus,   getkeral    ar> 

niagi^ntent  of, . . , .iL  13S 

Dig«dtiTe  fluids^  not  secreted  during 

intm-aiefme  lifet. . .  .v.  40'J,  455,  4&V 

Diphthcraga,. Vxh  614 

DisussiiDilfttioD,    enuiQeration    oC 

products  of, UL  391 

Diseords, v.  190 

Discus  proUgeruR, -  v.  Sit? 

Disitepimcntj)  of  the  pkoentik,. .  .T.  988 

Dorsal  plates, .t.  890 

DreiunB.  reflex  actioii  of  the  c&ee- 

brimi  in, * .  .iv.  800,  440 

Drinks,... *..y.  101 

Drinking,  metJiiuiiani  of, il  188 

Dacins  urterioBUa,  , .  -  .v.  482,  433,  442 
Ductus  veooiiua^. .....,,.  ,V.  434,  443 

Duodeimoi ii.  SOU 

Pupnytren,  brain  oQ it.  U40 

Dura  mater . ,  .it.  ?0$ 

— —  first  appearatice  of, t,  MB 

Ear,  fluid  of  labyrinth  of, , , . .  .in.    46 

eerumiiioae  glands  of, iii.     ttO 

^^— '  sebaceous  glands  of, UL    ttl 

—  cerumen, iii.     69 

•  effectti  of  puralyeis  of  the  fa- 
cial nerve  upon,,. ....iv.  165 

influence  of  injury  or  dlaease 

of  the  semicircular  canals  upon 
the  miideular  moTcnients  (M6* 
nitre's  diseaae),.  .It.  369  (note), 

887,  T.  226 

bones  of  (see  0B8icle8)|.T.  1 57,  200 

external, . .  *.t.  162,  196 

— -  murfeles  of, , ,  ,.t.  163 

niidiilc,. • . . ,  ..t.  164 

muAcles  of, t.  168 

^intemnl,.. .,  .......,,.,,.?.  218 

< •  development  of, T,  408 

Epjr*,  03  articles  of  food, it     77 

E  j ;  \  V  u  Iji  tory  dueta, ••....  ,t,  821 

Eliistieine,. , ,,t     91 

Klii-^titi  tissue, iii.  44iS 

Eleiineity,  influence  of,  in  modi- 
fying endo^^mosifl, ..*......  .U.  499 

'  excitation  of  nerves  by,,»T.  98, 105 

Bction  of,  upon  the  iierTCa, 

ir,  106 
-^^  action  of  direct,  or  dcNScend- 
ing,  and  of  inverse,  or  ascending 
currents  of,  upon  the  nerTed,.iir.  106 


Electricity,  derived  currents,. .  .iv.  112 
induced    musL-ular    contrac- 
tion,.  iv.  112 

current  of,  from  the  exterior 

to  the  cut  surface  of  a  nerve, 

iv.  lis 

effects  of  a  constant  current 

upon  the  nenroua  irritabitity,.iT>  114 
Electrotonus, . .............. .iv.  116 

Embryon,  primitive  trace  of,.  *  ,.v. 

868,  S69 

' development  of,  and  di^tinc^ 

tion  of,  from  the  ft]elua,,,v.  887,  388 

Embryonic  spot, ..v.  358 

Embryo-plastic  clenieuis,.. . ,  .Jii.  466 
Emph^i^emo,  changes  of  tlie  Ihn- 

raxin, X  886 

Emulelon,  ... .  .  i     68 

Enamel  of  the  teeth,,  ...,,..,  .li.  189 
Enamel-organ,  development  of,. v.  417 
Encephalon,  general  arrangement 

of.  ...... .iv.  318 

different  ganglia  of,, iv,  314 

weight  of,. .iv.  315 

pby biological  anatomy  of,. iv.  816 

ganglia  at  the  ba^e  of,, ,  .iv.  398 

Eudolymph, v.  218 

Endosiuorls, .it  469,  471 

discovery  of  laws  of,. . .  ..ii.  471 

experiments  on,  anterior  to 

the  obsenratioDfl  of  Dutrochet, 

ii.  472 

^experimenta   of     Dutrochet 

upon, ,,......  .ii.  474 

conditions  necessary  to,.  ,,ii.  476 

iMjhavior  of  albumen  and  al- 

buminose  in,. ii  477 

influence  of  membranes  up- 
on,  U.  478 

•  application  of  laws  of  capil- 

Ury  attraction  to, ii.  478 

through  porous  septa, ii,  482 

through  homogeneous  mem- 
branes,.   ..,.,.  ....ii.  488,  485 

through  liquiilfl, ii.  486 

production  of,   l>y  the  gal- 

vanic  current,. ...»  *. ti.  486 

influence  of  diflerent  liquids 

upoo,., . ii.  488 

—  modiflcationa  of,  due  to  the 
extent  and  thickness  of  tlte  per* 

meable  niembrniit%, ii.  494 

^^—  modifications  of.  liue  to  pre?*' 
sure  and  the  denaitv  of  litpilds, 

IL  494-497 
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findosmosis,  modifications  of,  due 

to  movements  of  liquids,. . .  .ii.  497 
modifications  of,  due  to  tem- 
perature,   ii.  499 

modifications  of,  induced  by 

electricity, ii.  499 

application  of  physical  laws 

to, ii.  601 

of  fatty  emulsions, ii.  602 

of  dense  saline  and  other  so- 
lutions,  ii.  464,  608 

modifications  of,  through  the 

nervous  system, ii.  606 

Endosmotic  equivalents,. .  .ii.  490-494 
^nemata,  nutrition  by  (note),.  ..ii.  890 

Epidermis, ill  116 

layers  of, iiu  116 

Malpighian,  or  mucous  layer 

of, iii.  116 

homy  layer  of, iil  116 

desquamation  and  formation 

of  cells  of, iii.  117 

appendages  of  (see  nails  and 

hair), iii.  117 

first  appearance  of, v.  897 

Epididymis, v.  815,  817 

development  of, v.  422 

Epiglottis,  function  of,  in  degluti- 
tion,  i.  369,  ii.  194-198 

effects  of  removal  of,  in  the 

human  subject  and  the  inferior 

animals, ii.  196,  198,  201 

action  of,  in  phonation, . .  iii.  507 

development  of, v.  414 

Epithelial  band  for  the  develop- 
ment of  the  teeth, v.  417 

Epithelium,  glandular, iii.     18 

pavement, iii.     47 

columnar,  conoidal,  or  pris- 

moidal, iii.     49 

ciliated,  situations  of, .iii.     48 

Erectile    tissues,    circulation    in, 

i.  836 

Erection,  mechanism  of, i.  338 

in  the  male, v.  334 

in  the  female, v.  336,  338 

of  the  uterus, v.  284 

Eructation, ii.  306 

Eustachian  tul)C, v.  159 

dilator  nmscle  of v.  160 

development  of, v.  412,  413 

Eustachian  vulve, r.  436,  442 

Exfito-motor  action  (see  reflex  ac- 
tion),  iv.  3<K) 

Exorctinc, ii.  3'.)8 


Excretion,  general  considerations, 

iii.  108 

vicarious  action  in, iiL     26 

Excretions,  distinction  of,  from  se- 
cretions,  iii  16,  108 

enumeration  of, iii  891 

mechanism  of  the  production 

of, iiL     26 

Excretoleic  acid, it  399 

Expiration,  movements  of, L  882 

influence  of  elasticity  of  the 

lungs  and  thoracic  walls  in,,  .i.  888 

muscles  of  (table), i.  886 

action  of  internal  intercostals 

in, i.  886 

action  of  infra-costales  and 

triangularis  stemi  in, L  887 

action  of  obliquus  extemns 

and  intcmus  in, i.  888 

action  of  transversalis  in, .  .i.  888 

action  of  sacro-lumbalis  in, 

I  889 
Expression,  nerve  of  (see  facial 

nerve), iv.  146 

influence  of  the  facial  nerve 

upon, iy.  166 

External  auditory  meatus,.. v.  154,  190 

development  of, v.  412,  418 

Eye,  aqueous  humor  of,  .  .iii.  46,  v.  64 

Meibomian  glands  of,  iii.  62, 

v.  139 

Meibomian  secretion,. iii.  7<>, 

▼.  189 

effects  of  division  of  the  fifth 

nerve  upon, iv.  198 

considered  as  an  optical  in- 
strument,  V.     70 

Ibmmtion  of  images  in, .v.     84 

shadows  of  the  retinal  ves- 
sels,  V.     86 

simi)le,  schematic, v.     92 

Eyeball,  physiological  anatomv  of, 

V.     44 

form  and  dimensions  of,.  ..v.     46 

summary  of  the  anatomy  of,. 

V.     66 

movements  of, v.   129 

nmscles  of, v.  130 

axes  of  rotation  of, v.   181 

protrusion  and  retraction  of, 

V.   182 

extent  of  rotation  of, v.  133 

parts  for  the  protection  of,. v.   188 

development  of, v.  402 

Eyelashes, v.  189 


^^^^^^H             GKKEBAL   INDEX   TO 

FAQK 

EyelWa,, .r-  1»8 

— -  immdes  of, , ,,  ♦ .  ..,v.  339 

development  of, r.  402 

Piicp   devc1oDED6lit  of. *T.  411 
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Falx  cerebri  and  falx  cerebcHl,.iv.  259                      ^H 

Fat«,  varieties  of,  etc., i.     <H)                       ^M 

compoaition  and  p^op<^^t^w                              ^H 

of, i.  61,11.68                  ^^M 

condition  of.  In  nervous  tis-                        ^^^H 

sue  and  blood-corpuscles,. i.  62,  iv.  6S                ^^^^| 

saponification  of,. I.     62                ^^^^H 

emukion  of, . . .   ........ .1.     63                ^^^^H 

origin  and  functions  of,.  .J.     63                ^^^H 

formation  of,  in  the  organ-                        ^^^^| 

ism .1     64                 ^^H 

average  quantity  »>f,  in   the                         ^^^H 

body,  and  mechanical  function                          ^^^H 

Facial  Mij^le,. , .It.  $44 

Faciiii  uen'!*             W,   145 

phy&'iolo|i^eftl  anatomy  of,.iv.   14B 

efff  cU  upoa  the  eye,  of  sec- 
tion of  filires  of,  in  the  uittliau 
line,  in  the  floor  of  the  fourth 

ventricle, W.  U7 

hrftnchc«  of,. IT.  148 

sumiDEry  of  anaatomoscs  and 

distribution  of, .......... .  .iv.  151 

'■  changes  which  they  undergo                       ^^^H 

in  the  organism,. i.     66                 ^^^H 

as  aliniifntAry  principle<^, .  .ii,     01                  ^^^^H 

proportion  of,  In  certain  vege-                         ^^^H 

t«be*,. il     62                      ^^M 

properdea  and  functions  tif, 

iv.  164 

effects  of  paralysis  of,  up>n 

the  cor, ,  ,\v.  165 

fimctions  of  the  chorda  tyrn- 

pani, ..,....,..., ,  J?.  156 

action  of  th«  gastric  juice                              ^H 

influence  of^  upon  gustation, 

W.  16« 

typical  case  of  diiriaion  of,  m 

the  human  subject Jv.  157 

influence  of,  upon  the  sub- 

lUMilUry  secretion,, , .iv.  158 

influence  of,  upon  the  move- 
ments of  the  palate  and  uvula, 

iv.  159 

functions    of  the    external 

branches  of,. «.«...,,».. .  .iv.  162 

^action    of    the    pancreatic                              ^M 

aoiditie^tion  of,  by  the  pan-                        ^^^^H 

creatic  juice  and  the  tissue  of                        ^^^H 

influence  of  the  bile  on  the                        ^^^H 

ab!*orption  of,  by  tlie  locteols                        ^^^H 

mechanism  of  absoquion  of,                         ^^^H 

602                 ^^H 

influence  of  the  alkalinity  of                        ^^^H 

the  fluids  upon  the  absorption                        ^^^H 
of; it  461                 ^^H 

penetration  of,  into  the  inte«-                        ^^^H 

^^  paralysis   of,    with    losa    of 
ta«te,.  .J ▼.  236 

Fecea,  general  iharactera  of,.,  .ii.  894 
quantity  of, ,  .li.  890 

proportion  of  solid  matters 

in, ..ii,  Em 

allied  production  of,  bv  the                         ^^^H 

liver, ....\.iii.  328                  ^^H 

office  of,  in  niuritton iii.  380                 ^^^H 

^ formation  and  deposition  of,                           ^^^H 

382                  ^^H 

- —  influence  of  food  upon  the                        ^^^H 
deposition  of, m.  384                 ^^H 

condition  of  existence  of,  in                         ^^^^B 

niicposcopical  characters  of, 

ii.  8tf7 

summary  of  the  characters 

of, ..ii,  403 

time  occupied  In  the  passage 

of,  through  the  colon, ii.  406 

accumulation  of,  In  the  sig- 
moid flexure, ii.  406 

ejpuUion  of  (see  defecation), 

J                                                                  u.  40« 

Fallopian  tubes,. v.  286 

development    of,   from    the 

^                   ducts  of  Muller,. . .  .▼.  421,  42*i,  423 

movements  of,  produced  by 

ifritrttion  of  the  cerebellura^Jy.  868 

Falsetto  register  of  the  voice,  iii. 

physiological  anatomy  ot.iil^  387                  ^^^H 

ill  382                          H 
Fattv  diarrhoea, Al  348                        ^H 

Faucet*^  pillars  of, , .  .it  182                         ^H 

!.#u™«-  «f                                lai                          ^M 

Fecundation,  . . . v,  331                          ^H 

dction  of  the  male  in, v.  332                  ^^^M 
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Fecundation,  acUon  of  the  female 

in, V.  886 

situation  of, v.  842 

mechanism  of^ v.  844 

union  of  the  male  with  the 

female  element  of  generation, 

v.  861 

artificial, v.  861 

penetration  of  spermatozoids 

through  the  yitelline  membrane, 

V.  862 

Fehling's  test  for  sugar, ill  801 

Female  organs  of  generation  (see 

generation), v.  266 

Fenestra  ovalis, v.  166,  164 

Fenestra  rotunda, v.  156,  166,  214 

Fermentation  of  sugar, i.     61 

Fermentation-test  for  sugar, . . .  .i.     56 

Ferrein,  pyramids  of, iii.  146,  148 

Fibrin, I     76 

mode  of  extraction  of,  and 

condition  of.  In  the  organism,. i.     77 

organization  of, i.     78 

distinctions  of,  from  plastic 

lymph, i.     79 

origin  of, i.     80 

function  of,  and  destruction 

of,  by  the  liver  and  kidneys,,  .i.     81 

as  an  alimentary  priuciple,.ii.     48 

-  vegetable, ii.     61 

action   of    the  gastric  juice 

upon, ii.  260 

destruction  of,  in  the  liver, 

i.  81,  iii.  329 

Fibrin-peptone, ii.  261 

Fibro-cartilago iii.  488 

Fibro-plastic  elements, iii.  455 

Fibrous  tissue,  elastic, iii.  442 

inelastic, iii.  454 

Fifth  nerve,  small  root  of  (nerve 

of  mastication), iv.  139,  140 

physiological     anatomy    of, 

iv.  140 

properties  and  functions  of, 

iv.  143 

large  root  of  (see  trifacial), 

iv.  184 
paraly-sis  of,  without  loss  of 

taste,...' V.  237 

Fila  acustica, v.  219 

Filum  tenninale  of  the  spinal  cord, 

iv.  2«5 

Fishes,  used  as  food, ii.     82 

finulatory  nystem  of,. . .  .v.  433 

Hsk,  James,  Jr.,  brain  of iv.  848 
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Flavoring  articles, u.  100 

Flavors,  distinguished  from  true 

tastes, T.  2S8 

Foetus,  composition  of  the  urine 

of, UL  221 

;-  formation  of  sugar  in, . . .  .iii.  322 

-influence   of  the    maternal 

mind  upon, ▼.  350 

movements  of, v.  404 

respiratory  efforts  of,. v.  404,  441 

relative  development  of  the 

upper  and  lower  portions  of, .  .v.  439 
size,  weight,  etc.,  of,  at  differ- 
ent stages  of  development,.  ..v. 

448-450 

position  of,  in  w/ero,..v.  460—461 

Food  (see  aliment), il.     44 

Foramen  ovale  of  the  heart, ...  .v. 

435,  442 

Fossa  ovalis, y.  442 

Fourth  ventricle, iv.  360,  403 

Fovea  cardiaca, v.  431 

Fovea  hemispherica, v.   164 

Free-martin,  description  of,.T.  303,  350 

Frogs,  used  as  food, ii.     84 

Frontal  process,  development  of, 

T.  412,  413 

Fruits, ii.    100 

Frying,  in  the  preparation  of  food, 

ii.      89 

Gall-bladder, iii.   248 

Galvanism,  excitation  of  nerves  by 

(see  electricity), iv.  93,  105 

action   of,   upon  the  ner\'es 

(sec  electricity), iv.   105 

Game iu  74—75 

(ianglia  at  the  base  of  the  enceph- 

alon, iv.  898 

ophthalmic,     lenticular,     or 

ciliary, iv.  419 

spheno-palatine,  or  Meckel's, 

iv.  419 

otic,  or  Arnold's, iv.  420 

submaxillary, iv.  420 

cervical  sympathetic,.. .  ^.iv.  421 

thoi-acic  sympathetic, iv.  422 

semilunar i v.  422 

lumbar   and    sacral    sympa- 
thetic,   iv.  423 

Ganplionic   nervous    system   (stMj 

sympathetic), iv.  416 

(Jarlics, ii.     99 

Gases,  as  proximate  principles, .  .i.     29 
in  the  alimentary  canal, . . .  L     29 
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Qi860,  proportions  of,  in  Teooua 

and  arterial  blf>od,  .  .L  450,  464-470 
ol'  the  blood,  table  of  Mag- 
nus,   .1  4ftS 

<— ^  eoodiiion  of,  in  the  blood,. i.  466 
found  in  the  alimentarT  ca- 
nal,   ,.,Au  410 

^—  origin  of,  in  ibe  intestine,. it*  412 
abfiorptioQ  of,  in  the  intes- 
tine,  a.  428 

Gabaer,  ganglion  of, i7.  ISO 

Gftiterase, ii.  235 

Oaatrie  fistula  in  the  inferior  ani- 
mals ;  mode  of  operating,  IL  221-2S2 

caae  of  Aleiis  St.  Martin,  Ji.  228 

Gastric  juice,. .  ♦ . . , .ii.  217 

first  obtaini^J  by  causing  ani- 
mals to  iirallow  perforated  tubed 
filled  with  sponge,  etc.,. . . . .  .il  218 

mode  of  collecting  from  a  fis- 
tula,  ii,  222 

secretion  of, il  225 

fiction  of  acids  and  alkalies 

upon  the  accretion  of,.   ii.  22f 

infiuence    of  gustatory  im- 

prceaions   upon    the    secretion 

of, ii.  227 

^^—  condiiions  which  disturb  the 

Beoreiion  of, *.,.♦,,.,  .il  228 

8ecretiou  of,  in  different  parts 

of  tive  Btomach, *.  .  .  .il  22U 

quantity  of,  secreted  in  the 

twenty-four  hours,. ,  .♦..,,, .ii,  280 

—      composition  of, ,  ..  .H.  232 

specific  graTity  of, il  288 

— —  power  01  resii$ting  decompo- 
sition, and  antiseptic  properties 

of, H.  234,  257 

^-^-  chemical  analysis  of,  in  the 

dog,   ., '. ii.  284 

organic  principle  of, ,il  236 

sonreo  of  acidity  of,. .  * . .  .ii.  2S7 

chlorohydropeptic  acid  in, .  ii.  242 

lactic  acid  in, ii  248 

— —  acid  phosphate  of  lime  in, 

il  245 

action  of,  upon  carbonate  of 

lime,,,. ,.il  248 

principles    upon    which    its 

acidity  depends, ii.  248 

^^  (rrdinary  saline  constituents 

of, ..,,.., .11  249 

■  digestive  properties  of,  de- 
pending on  presence  of  organic 
mattet'  and  a  free  add,,  ,it.  251,  253 


PAQB 

Oastnc  Juice,  the  normal  add  of, 
may  be  replaced  by  certain  other 

acids,.. ', ..il  252 

—     mixture  of  muctts  in,,. . . .  ,il  254 

action  of,  upon  meats,. . ,  ,il  255 

action  of,  upon  albumen,  raw 

and  coagulated, , , Jl  258 

—  action  of,  upon  fibrin,. , .  .il  2G0 

action  of,  upon  calcine,. .  ,il  261 

action  of,  upon  gelatine,.  .U,  262 

action  of,  upon  vegetable  nl- 

trogenized  matters, il  262 

action  of,  upon  gluten,,  ,,,il  2A2 

catalytic  action  of, ii.  2<^7 

^^—  action  of,  upon  fats, ..... .it.  267 

action  of,   upon    saccharine 

and  amyhiceous  principles, , .  ,ii.  268 
action   of,    upon    inorganic 

prindples, , . .  .tl  270 

action  of,  upon  the  coats  of 

the  stomach, - il  276 

infiuence  of  section  of  the 

pneumogostric  ncrres  upon  the 

secretion  of,. , .  Jl  284 

Gastric  tubules,... ..,.il  218 

Gelatine, ...il  48 

composition  of, ,il  49 

influence  of,  upon  nutrition, 

ii,  50 
Generative   functions,   connection 

of  the  cerebellum  with, iv.  838 

Generation,  general  considerations, 

▼,  254 

sexual, ▼.  258 

spontaneous,  bo  called,  . .  .y.  258 

— — ofinsects, v.  25i> 

—  of  infusoria, v.  260 

female  organs  of,. ..,.-,  .v.  265 

general  arrangement  of  fe- 
male organs  of^, r,  268 

external  feouale  organs  of,.v.  287 

mate   organs    and  elements 

of,.. T.  3J3 

male  elemeou  oi; t.  822 

derelopmont  of  the  organs 

of, T.  420,426,426 

malformations  of  the  organs 

of,... r.  427 

Geiuto<«pinal  centre,.  ,.iii,  185,  ir. 

430,  V,  819 
Geaito  -  urinary  system,  derelop. 

mcnt  of, ▼.  420,  426 

Germinal  matter, ill,  869 

Germinal  reside  and  spot, t.  2!il 

disappearance  of, ,t.  854 
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Girald^s,  organ  of, v.  819 

Glands,  epithelium  of, iii.     18 

condition  of  circulation  in, 

during  functional  activity, ...  iii.     21 
elimination  of  foreign  sub- 
stances by, iii.    27 

motor  nerves  of, iii.     81 

effects  of  destruction  of  the 

nerves  upon, iiu     33 

follicular, UL     86 

tubular, lit     86 

—^  racemose  (simple  and  com- 

pound), iiL    86 

ductless,    or    blood  -  glands, 

iii.  86,  831 

termination  of  nerves  in,.iv.    86 

Glandular  organs,  classification  of, 

iii.     85 
Glisson,  capsule  of,  in  the  liver,  iii  284 

Globuline, i.     90 

Globulins  in  the  lymph, ii.  627 

Glosso-labial  paralysis, iv.  182 

Glosso-pharyngeal  nerve, v.  240 

physiological  anatomy  of, .  v.  241 

general  properties  of, v.  248 

relations  of,  to  gustation, .  .v.  246 

Glottis,  closure  of.  In  deglutition, 

ii.  196 
appearance  of,  during  ordi- 
nary respiration, iii.  498 

movements  of,  during  pho- 

nation, iii.  499 

Glucose, i.     60 

absorption  of,  by  the  lacte- 

als ii.  446 

Gluten, ii.     62 

action  of,  as  a  ferment, . . .  ii.     63 

action  of  the  gastric  juice 

upon, ii.   262 

Gluten-bread, ii.     63 

Glutine, ii.     54 

Glycerine, i.     62 

Glycine, ii.  366,  iii.  266 

Glycoeholic  acid  and  glycocholate 

of  soda, 'ii.  366,  iii.  266 

Glycocoll, iii.  266 

Glycogenesis  (see  liver), iii.  295 

Glycogenic  matter, iii.  817 

extraction  of, iii.  817 

Goat's  flesh,  as  an  article  of  food, 

ii.     73 

Graafian  follicles, v.  272 

coats  of, V.  277 

liquid  of, v.  277 

macula  of; v.  292 
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Graafian  follicles,  changes  of,  after 
their  rupture  (see  corpus  lute- 

um), V.  »07 

Gubernaculum  testis, t.  423 

Gum, ii.     61 

Gustation, v.  232 

relations    of,    to    olfaction, 

T.  85,  282 

nerves  of; v.  284,  289 

reUtions  of  the  chorda  t  jm- 

pani  to, iv.  166,  v.  286 

loss  of,  in  facial  paralysis, 

T.  236 

persistence  of,  in  paralysis  of 

the  fifth  nerve, v.  287 

relations  of  the  glosso-pha- 
ryngeal to, Y.  246 

variations   of,    in    different 

parts  of   the    gustatory  mem- 
brane,   Y.  246 

mechanism  of,. . v.  247 

^—  organs  of, v.  248 

Hsematine, i.     92 

Hffimatoidine, L  117 

Heematosis, i.  462 

Hasmadynamometer  of  Poiseuille, 

i.  262,  266 

registering     instrument     of 

Ludwig  (noteX i.  264 

differential  instrument  of  Ber- 
nard (note), i.  266 

Ilair-cells  of  the  cochlea, v.  223 

Hairs,  situations  of,   iii.  121 

varieties  of, iii.  121 

courses  of, iii.  121 

length  of, iii.  122 

number  of,  on  the  head,.. iii.  122 

elasticity  and  tenacity  of,.iii.  122 

hygrometric      and     electric 

properties  of, iii.  128 

roots  of, iii.   128 

follicles  of, iii.  128 

summary  of  anatomy  of  the 

hair-follicles, iii.  126 

structure  of, iii.   126 

growth  of, iii.   127 

sudden  blanching  of, iii.   127 

uses  of, iii.  181 

first  appearance  of, v.  397 

Haller,  vas  aberrans  of, v.  818 

Hamulus  of  the  cochlea, v.  215 

Hare-lip, v.  415 

Harmonics, v.  180,  182 

Harmony, v.  168,  188 
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Haversian    rods    and  canals   of 

bone, iii.  481 

Head-register  of  the  voice,. iii.  609,  Oil 

Heart,  anatomy  of, i.  176 

capacity  of   different    cavi- 

ties  of, i.  179 

valves  of, 1.  181 

movements  of, i.  188 

action  of  the  auricles, i.  184 

action  of  the  ventricles, . . .  .i.  185 

locomotion  of, i.  186 

twisting,  hardening,  short- 
ening, and  elongation  of,  ...  .i.  187 

impulse  of, i.  191 

succession  of  movements  of, 

I  192 

force  of, I  197 

action  of  the  valves, L  199 

sounds  of, i.  203 

cause  of  the  sounds  of, ...  .L  207 

relations  of  the  sounds  to 

the  blood-currents, L  210 

frequency  of  action  of,. . .  .L  211 

influence  of  age  and  sex  on 

the  action  of, i  212 

influence  of  posture  and  mus- 
cular exertion, i.  218 

influence  of  exercise, i.  216 

influence  of  sleep, i.  216 

influence  of  temperature,,  .i.  216 

influence  of  respiration  on 

the  action  of, L  217 

cause  of  rhythmical  contrac- 
tions of, i.  220 

irriUbility  of, i.  222 

pulsations  of,  after  removal 

from  the  body, i.  228 

effect  of  ligature  of  the  coro- 
nary arteries  on  pulsations  of,.i.  225 
effect  of  emptying  the  cavi- 
ties,   L  226 

—  influence  of  the  nervous  sys- 
tem on, I  228 

influence  of  the  pneumogas- 

trics  on, i.  281 

effects  of  blows  on  the  epi- 
gastrium on, L  238 

— ~—  variations  in  the  tempera- 
ture in  the  two  sides  of, ...  .iii  401 

influence  of  the  spinal  acces- 
sory nerves  upon, iv.  176 

—  direct  influence  of  the  pneu- 
mogastrics  upon, iv.  226,  411 

—  influence  of  galvanization  of 
the  medulla  oblongata  upon,.iv.  411 
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Heart,  nerves  in   the    substance 

of, iv.  422 

formation   of  the   interven- 

tricuUr  septum  of, v.  482,  486 

development  of, v.  485 

formation  of  the  inter-auricu- 
lar septum  of, V.  436 

foramen  ovale  of, v.  435,  442 

relative  size  of,  in  the  foetus, 

V.  486 
hypertrophy  of,  during  preg- 
nancy,  V.  445 

Heat,  animal,  iii  894 

limits  of  normal  variations 

of, iii  895 

variations  of,  with  external 

temperature iii.  896 

variations    of,   in    different 

parts  of  the  body, iii  898 

variations  of,  m  the  two  sides 

of  the  heart, iii.  401 

variations  of,  at  different  pe- 
riods of  life, iii  404 

diurnal  variations  of, ...  .iii  406 

influence  of  inanition  upon, 

iii  408 

influence  of  diet  upon,. .  .iii.  409 

influence  of  alcohol  upon,.iii.  410 

influence  of  respiration  upon, 

iii  411 

influence  of  exercise  upon^.iii.  4 12 

development  of,  observed  in 

a  detached  muscle,  artificially 

excited  to  contraction, iii  414 

influence  of  mental  exertion 

upon, iii  415 

influence  of  the  nervous  sys- 
tem upon, iii.  415 

variations  in,  due  to  reflex 

action, iii  416 

influence  of  paralysis  upon, 

iii.  417 

sources  of, iii  418 

seat  of  the  production  of,.iii.  420 

relations  of,  to  nutrition,. iii.  422 

relations  of,  to  the  consump- 
tion of  nitrogenized  matter  and 
the  production  of  nitrogenized 
excrementitious  principles,,  .iii.  428 
reUtions  of,  to  the  consump- 
tion of  non-nitrogenized  matter, 

iii.  424 

relations  of,  to  re8piration,.iii  426 

consumption  of  oxygen  and 

production  of  carbonic  acid,  in 
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connection  with  the  evohition 

of, iii.  427 

Heat,  animal,  influence  of  the  sym- 
pathetic system  of  nerves  upon, 

ill  480 

increafle  of,  in  inflamed  parts, 

iii.  480 
intimate  nature  of  the  pro- 
cesses involved  in  the  produc- 
tion of, iii  482 

equalization  of, iii.  432 

effects  of    clothing    in  the 

equalization  of, iii.  483 

influence  of  cutaneous  exha- 
lation upon, iii.  433 

influence  of  the  sympathetic 

system  upon, iv.  431,  437 

Hemiopsia, v.    41 

Henle,  tubes  of,  in  the  kidney,. iiL  154 

Hepatic  artery  (see  liver), iii.  236 

secretion  of  bile  ailer  oblit- 
eration of, iii.  258 

Hepatic  duct  (see  liver), iii.  236 

Hepatic  veins  (see  liver), iii.  238 

Hermaphroditism, v.  428 

Hernia,  congenital  diaphragmatic, 

V.  408 

inguinal, v.  427 

umbilical,   in    intra  -  uterine 

life, V.  406 

Hippocampi, iv.  412 

Hippunites,  in  the  urine, iii.  2n2 

in  the  bloiMi, iii.  203 

Homer,  muscle  of, v.  13*.l 

Horopter, v.   120 

Hunger, ii.  14-17 

location  of  sense  of, ii.     18 

nerves  which  convey  the  im- 

pres»j»ion  of,  to  the  brain,  . . .  .ii.     20 

Hyaloid  meml)rane, v.     65 

Hydatids  of  Morgagni, v.  315 

Hvdro-earbons, i.  26,  48,  ii.  54 

Hydro-chlorate  of  ammonia, i.     47 

Hy<lrochloric  acid,  question  of  the 
existence  of,  in  the  gastric  juice, 

ii.  237 
Hyoid  bone,  <levelopment  of,  .v.  412, 414 
Hypnopogic  hallucinations,. . .  .iv.  4-19 

Hyi)<)gastric  arteries, v.  432,  442 

Hypoglossal  nerve  (see  sublinpnial 

nerve), i  v.   178 

Hyj)Ospadias, v.  427 

diotri,  development  of  the  brain  in, 

iv.  338 


Heo-csecal  valve, it  S85 

development  of, v.  407 

Heum, ii.  811 

Iliac  veins,  development  of,. . .  .t.  434 
Imbibition  and  endo6mosiB,.iL  469-471 

Inanition, ii.     S3 

loss  of  weight  in, ii.     25 

influence  of  age  upon  loss  of 

weight  in, ii.     26 

proportionate  loss  in  differ- 

ent  parts  of  the  body  in, ii.     27 

influence  of,  upon  the  blood 

and  the  circulation, il.     28 

influence  of,  upon  respiration, 

ii.     29 

influence  of,  upon  the  animal 

temperature, ii.     29 

influence  of,  upon  the  nervous 

system, ii.     81 

duration  of  life  in, ii.     81 

influence  of  age  upon  the  du- 
ration of  life  in, ii.     15 

Incisor  teeth, ii.  142 

Incisor  processes  and  teeth,  devel- 
opment of, r.  413 

Incus, V.  157 

development  of, v.  411 

Inelastic  tissue, iii.  454 

Infancy, v.  459 

Inferior  maxilla,  development  of,  v.  412 
Inf'ra-costales,  action  of,  in  respira- 
tion,  i.  887 

Infundibuliform  fascia, v.  314 

Infusoria,  generation  of, v.  260 

Inorj^anic  principles,  general  con- 
siderations  i.     25 

table  of, i.     28 

division  into  essential  constit- 
uents of  the  tissues  and  those 

which  influence  nutrition, i,     47 

Inorganic  salts,  absori)tion  of,  by 

the  lactcals, ii.  446 

Inorganic  matters,  office  of,  in  nu- 
trition,  iii.   371 

Inosates,  in  the  urine, iii.  2«>4 

Insalivation, ii.   155 

Insects,  generation  of, v.  25y 

Inspiration,  muscles  of  (table),.  .1.  368 

action  of  diaphragiu  in, i.  369 

action  of  scalcni, i.  372 

action  of  intercostals, i.  378 

movements  of  the  ribs  in,..i.  374 

action  of  levatorcs  costaruni, 

L  378 
auxiliary  muscles  of, i.  378 
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Inspbmtioiv  ftctioa  of  the  semitus 

poiticud  euperior^ i.  878 

^^  ftctioti  of  tlie  stemO'mjiffloi' 

dens,  levator  ao^li  «CApulfe,  and 

(fiifH-Tior  portiOQ  of  trapeziiifl^ .  i.  879 
iictlou  of  the  pcctor&lis  nuiior, 

itifmor  portion  of  pectondis  m^ 

j'lr,  (iti<1  the  fiermtoA  m&gnuB,,x  880 

Iri  <ar  fascia,*. v.  S14 

li  mtcrDoJf  action  of,  ia 

..-,....,i -ti, - ...a.  886 

Intern  I  axil  larj   process,     develop- 

mmt  of, .  .*    ., ^.  412,  413 

TniiNBtiDal  canal,  first  appearance 

of, r.8«l,406 

deTGloptnont  of, ▼,  406 

Intestinal  fistula,  case  of,  in  the 

human  subject, ii.  825 

Inteacinal  jiilee, IL  832 

mode  of  collecting,, ..... .ii,  822 

^  quontitf  of, , «,,,*.ii.  82« 

reaction  of, ii»  827 

proportion  of  solid  matters  in, 

il.  827 
^UndtiliLr  organa  concerned 

in  the  production  of, ji.  827 

cornpobiiion  of,  in  the  horse, 

IL  827 

^  action  of,  in  digestion,. . ,  .it  827 

action  of,  upon  ftarch,  .  .  JL  828 

'  want  of  action  of,  upon  cane- 

Bttgar, ii.  328 

want  of  action  of,  upon  fata, 

ii.  838 
-  action  of,  upon  alUuminoida, 

il  828 
Intc^tmnl  ftwretions,  influence  of 

the  fiymputhctic  system  upon,  iv.  484 
Int^tiiial  villi,  development  of,.if.  407 

Intestine,  length  of, '  .il.  1!{4 

IntcAtine,  i^maU,  fi^neral  ticw  of 

the  arrangement  of, ,  ,il  187 

ph>-<iologicaI    anatomy    of, 

ii.  808 

dimensioni  of,. ii.  80* 

divif^ions  of, ,  .ii.  SuU 

mucous  membrane  of,. . .  .11,  811 

glandular  structures  of,. .  .il.  lilli 

villi  of, ii.  Hlh 

politary  glands  and  patches 

of  Pcyer  in,, ,,  •.*,,...,.,, ii,  819 

moVementfl  o(  .  .ii.  876,  878,  88<) 

•^—  cautfes  of  movemenU  of, .  • .  • 

il  378,  S80 
^-^nseaof  gaset  in,, il  879 


pjysa 
Intestino,  small,  influence  of  the 
nervoua  tyitem  upon  the  move- 

roenM  of,. .,..,. , il.  381 

* composition  of  gasca  of,.  ,.ii.  411 

— '  absorption  in,. il  421 

Intestine,  large,  physiological  anat- 
omy of, ii.  888 

peritoneal  ctjat  of,. ,  * . .  ...il  88d 

muiicular  coat  o^ Jl  887 

mucous  membrane  of,. . .  .ii.  889 

ordinary  follicles  of,, . . ..  .il  889 

►  utricular  glands  of,. . . ...  .ii.  389 

cloaed  foHicloe  of,. .....  ,  .il  389 

secretion  of  the  mucous  mem- 
brane of,. . . , il  390 

^  "  chanipa   of   the  alimentary 

rcddue  in, il  301 

contents  of,. ,«.iL893 

movements  of^.  •••,««••  *ii.  404 

-^—  gaaett  oC. . .  .,* , .ii^  412 

Int«sune0,  influence  of  the  pneu- 

rnogastrics  upon, « .Jv.  249 

IntiHne, , .,,.......,  .il    <J0 

Iriti,  influence  of  the  motor  ocnli 
comnmnifl  upon,  through  the  cil- 
i*fy  nervea, ,iv,  131,  188 

rcUcx  action    of  the  optic 

lobes  upon,. iv,  398 

general  stmcture  of, v.     51 

tnui*cuhir  flbnss  of,. ......  ,r.     08 

-  blocMl-vcdJiels  of, , , V.     08 

^—  nerves  of, ..,*...▼.     S3 

movements  of, ▼.     96 

direct  action  of  light  upon,  v.     97 

^-^^  action  of  the  nervous  system 

upon, .....r.     98 

nerve-centres  preaiding  over 

the  movements  of,. ........ .v.  101 

o — coneensual  contraction  of,. v.  I«i2 
changes  in,  in   accommoda- 
tion  V,   108 

— -  development  of,.,  •«•«•,•.▼.  4<)2 

Iron, •  • .  t .  *  *  .il*     6ii 

Irradiation, ..,...,.,..  v.  128 

Irritability  of  tiMucs,. ....... .iii.  4<S2 

Irritabilitv,  nervous  (se«  nerves), 

iv.     HI 
Ivory,  development  of, » , v.  417 

Jacobus  membrane,   v.     f^6 

Jejunum,. , il  311 

Jugular  veiui!,  development  Oif, .  .v.  435 

Kemtine, , I    91 

Kidneys,  effects  of  removal  of,  tit  26, 1 68 
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Kidneys,  differences  in  the  color  of 
the  blood  in  the  renal  artery  and 

vein, iii.    26 

effects  of  destruction  of  the 

nerves  of, iii  33,  174 

mucous    membrane  of  the 

pelvis  of, iii.    49 

physiological  anatomy  of,.iii.  144 

weight  of, iii  146 

adipose  capsule  of, iii.  145 

pelvis  of, iii.  146,  178 

calices  of, iii.  145,  178 

infundibula  of, iii.  146 

cortical  substance  of, .iii.  146,  149 

columns  of  Bertin, iii.  146 

pyramids  of   Malpighi    and 

Ferrein, iii.  146 

secreting  and  excreting  por- 
tion of, iii.  147 

tubes  of  pyramidal  substance 

of  (tubes  of  Bellmi), iii.  148 

Malpighian  bodies  of,.  . .  .iii.  152 

tubes  of  the  cortical  sub- 
stance of, iii.  163 

narrow  tubes  of  Henle,.  ..iii.  164 

intermediate  tubes  in  the  cor- 
tical substance  of, iii.  165 

blood-vessels  of, iii.  156 

blood-vessels  in  the  Malpig- 
hian bodies, iiu  167 

stars  of  Verheyn, iiL  159 

lymphatics  and  ner\'es  of,.iii.  159 

summary  of  the  anatomv  of, 

'  iii.  160 

effects  of  extirpation  of  one 

kidney, iiu  170 

change  in  appetite  and  dis- 
position of  animals  after  remov- 
al of  one  kidney, iii.  170,  348 

condition  of  the  remaining 

kidney  after  removal  of  one,  .iii.  170 

■ separation  of  foreign  matters 

from  the  blood  by, iii.  175 

alternation  in  the  action  of, 

ill  176 

changes  in  the  composition 

of  the  blood  in, iii.  176 

absence  of  fibrin  in  the  blood  i 

of  the  renal  veins, iii.  177  I 

red  color  of  the  blood  of  the 

renal  veins, iii.  177  | 

development  of, v.  424  , 

relative  size  of,  in  the  foetus,  j 

V.  424  I 
Krause,  terminal  bulbs  of,.iv.  42,  v.  142  , 


Labia,  development  of, v.  427 

Labyrinth,    general    arrangement 

of, v.   168 

membranous, v.  213 

ligaments  of, v.  214 

distribution  of  nerves  in, . .  v.  218 

development  of, v.  40S 

Lachrymal  gland, v.  142 

Lachrymal  fluid, t.  144 

Lachrymal  sac  and  duct, v.  14S 

Lachrymine, v.  145 

Lactates  in  the  urine, iiL  204 

Lactation  (see  milk), iiL     72 

unusual  cases  of, iii.     74 

condition  of  mammary  glands 

during  the  intervals  of, IiL     75 

structure  of  the  mammary 

glands  in  activity, IiL     76 

influence  of,  upon  ovulation 

and  menstruation, r.  454 

Lacteals, IL  485 

origin  of,  in  the  intestinal 

viUi, IL  817 

discovery  of, iL  428 

Lactic  acid, L     67 

sources  and  function  of,. .  .L     68 

presence  of,  in  the  gastric 

juice, ii.  248 

Lactose, iiL     97 

Lacuna?  of  bone, iiL  481 

Lamina  cribrosa, r.     42 

Lamina  spiralis, v.  166,  215 

Language, iii.  49<),  613 

location  of  the  nerve-centre 

presiding  over, iv.  850 

Laryngeal    ner\'e,    superior    (see 

pneumogastric), iv.  217 

inferior,   or    recurrent    (see 

pneumogastric), iv.  220 

Larynx,  anatomy  and  respiratory 

movements  of* L  858 

muscles  of, iiL  498 

arytenoid  muscle  of, .  iii.  494,  495 

crico-thvroid  muscles  of,.. iiL 

494,495 
lateral  crico-arytenoid  mus- 
cles of, iii.  494,  496 

posterior     crico  -  arytenoid 

muscles  of, iii.  495 

thyro-arytenoid  muscles   of, 

iii.  494,  496 
influence    of   the  recurrent 

laryngeal  nerves  upon, iv.  221 

development  of, v.  412,  414 

Laughing,   i.  896 
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Liixiitor  tfnipuDi, , -..,▼.  1  ft8 

Lwitliene,. .ill  2«2,  iv.  ©9 

Lrft'lmndiMlQcae,  ««««...».•..•.  .r.  456 

Legiiminc, ii.     tt^ 

LcfTumitiouA  rootSf  learce,  teede, 

et4?.»......,, ...iL     91^ 

Li-iise.^  (s«^e  refraction), t.     77 

Lciiiiculur  |R:aagUon,. ^.iv.  419 

Leucocytes i.  121 

devdopttiftil  of, I  124,  y,  429 

proportion  of,  to  red  eorpii»- 

ck-s, ........ L  125 

in  tjjc  Ifinph, it  622 

^^—  development  of,  in  the  lymph 

and  hi  a  dear  WA*«temii, .  ii.  62:i-527 
Levatores  cot^taruto,  jiction  of,  in 

I'f^ipiratitm , i,  378 

Levator  mii^uli  aeiipuhtr,  action  of, 

in  re»pinition,  .......*,,,..  J.  S79 

LcTutor  paliLti  muscle, tL  185 

Leviiior  mii,  action  of,  in  defccA' 

tion,. , ,,ii,  408 

Liehenine, ii,     60 

LieberkGhn,  follicles  of, ii,  814 

Lionine, . , . , ili,  841 

Life,  definition  of, lil.  369 

-  duration  of, v.  461 

Llgnmcntum  denticuktutn, « « . . iv.  260 
Li^nieutuin     iridia    pectiuntuttt, 

▼.  47,  62 
Light,  iht'oriea  of,  .,.,*,.,,.,,  ?♦     7^ 

rate  of  proi»ag»tion  of, ....  v.     78 

velocity  of  diflTerent  colored 

rnysof,.., , ,v.     74 

— —  letif^h  of  waTed  of^.. ....  .▼.     74 

anal > 'r^id  of, ,,,.,,..▼.    ^5 

Lind»ij»  kminsB  spiralis, v,  216 

LitiRs  Hcid  phosphate  of^  in  the  gaa- 

,.ii.  246 

I  Is-. il  166 

Li]  prnent  of,....,..  ,.T.  418 

Liquors,  distilled,. * . . .  .ii  110 

malt,.... IL  118 

Littre,  ^;land9  of, *,...▼.  822 

Liver,  influonee  of  respiration  on 

the  eirculfttion  in,, I  S22 

—  phraiologieii]    anatomy    of, 

lu.  282 

weight  of,, ill  S88 

ligaments  and  covcsrings  of, 

iil  2S8 

• lobuleA.  or  acini  of,.    . , .  ,iil  284 

capsule  of  Glisaon, iil  284 

bloodA*oa*ek  of, .iii    235 

vaginal  plexus  of,. ... ,  .  .iii»  286 

163 


TAGS 

Liver»  interlobular  vefisels  of,.  Jii.  236 

iobnhir  vessel*  of, ill  287 

introlobuhir  veins  of, iil  23!) 

structure  of  a  lobule  of,,  .iii.  240 

arranjct^fuent  of  the  biie-ducts 

In  the  tubules  of,. iil  241 

excretory  biliarj  passages,. lii.  245 

— —  racemose  ghinds  in, .  .iii,  247 

va^ft  abemtntia  of, iii.  247 

gHll-bkdder,  hepatic,  cystic, 

and  common  duets  of,. .,   '.  -til  248 

nerves  and  lymphatics  of,.iil  249 

exeretorjr  function  of,. . ,  .iil  277 

elimination    of   cholesterine 

by , ...iil  286 

eiaminations  of  blood  going 

to  and  from  the  liver,  for  chole»- 

terine,. iil  287 

production  of  sugar  by,,  .iii.  206 

'^—  evidences  of  the  glycogenic 

function  of, iil  296 

discovery  of  the  glyt^enlc 

function  of, lil  298 

examination  of  the  blood  of 

the  porUil  ^y^tem  for  sugar,. iii.  303 

examination  of  the  blood  of 

the  hepatic  veins  for  sugar,  ..iii.  806 
'—  -  ejtperlments  showing  the  ab- 
sence of  sugar  in,  during  life,/iii.  300 

mechanism  of  tlie  formation 

of  sugar  by, iil  316' 

-i glycogenic  matter  in, iil  817 

extraction  of  glycogenic  mat- 
ter from, iil  317 

variations  in  the  glycogenic 

ftinction  of,. , , , ,  .iil  831 

non-formation    of  sugar   by, 

In  the  earlv  months  of  fo&tal  life, 

ill  822 

influence  of  digestion  and  of 

dtSbrent  kinds  of  food  upon  the 
giycogenie  function  of,... . ,  Jil  822 

ei&icta  of  deprivation  of  food 

upon  the  glycogenic  function  of, 

ill  824 
influence  of  the  nervous  sys- 
tem ujKju  the  glycogenic  func- 
tion of, .iil  824 

suppo«M?d  actJoQ  of,  in  the 

production  of  fat, iil  328 

— —  changes  in   the   albuminoid 
and  cor]^)UscuUir  clementd  of  the 

blood  of,, iii.  329 

influence  of  the  pneumogas- 

trics  up<m,. tv.  242 
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Liver,  development  of, v.  408 

relative  weight  of,  at.  diflfer- 

ent  periods  of  life, v.  409 

circulation  in, v.  434 

Liver-cella, iii.  240 

Liver-sugar, i.  50,  iii.  816 

Lobsters,  used  as  food, 11     85 

Lochia, v.  454 

Locomotion,  passive  organs  of,.iii  479 

Locomotor  ataxia, iv.  289,  v.     15 

Lungs,  anatomy  of  the  parenchyma 

of, i.  861 

capacity  of, i.  897 

carbonaceous  matter  in, . .  .i.  864 

vital  capacity  of, i.  403 

development  of, v.  410 

Lymph, ii.  608 

mode  of  obtaining, ii.  508 

quantity  of, ii.  610 

general  properties  of,.ii.  611-518 

coloration  of,  after  discharge 

from  the  vessels, ii.  612 

presence  of  red  blood-corpus- 
cles in, ii.  612 

coagulation  of, ii.  618 

composition  of, ii.  514-521 

presence  of  sugar  in, .  ii.  520,  537 

presence  of  urea  in, . .  ii.  520,  628 

effects   of    abstinence  upon 

the  constitution  of, ii.  521 

differences  in  the   composi- 
tion of,  in  different  vessels,.  ..ii.  622 

corpuscular  elements  of,,  .ii.  622 

origin  of, ii.  627 

function  of, ii.  628 

Lymph    and    chyle,   comparative 

composition  of, ii.  636 

movements  of, iu  538-640 

influence  of  the  forces  of  en- 

dosinosis   and  of  transudation 

on  tlie  movements  of, ii.  640 

influence  of  the  contractile 

walls  of    the  vessels    on    the 

movements  of, iu  642 

influence  of  pressure  from 

surrounding  parts  on  the  move- 
ments of, iu  643 

influence  of  the  movements 

of    respiration    on   the    move- 
ments of, ii.  644 

Lymphatics,  discovery  of, ii.  425 

piivsiological     anatomy    of, 

iu  427 

mode  of  injection  of,  in  the  I 

•skin, iu  427  | 


I  Lymphatics,  relation  of  the  plexus 
!      of  origin  of,  to  the  blcxKl-Yes- 

sels, ii.  429 

diameter  of  vessels  of  origin 

of, iL  429 

! superficial  layer  of, iL  480 

deep  layer  of, iL  4I{0 

vaUresof; ii.  481,  438 

slight  variation  of  size  of,  in 

their  course, it  481 

peculiarities  of,  in  liie  brain 

and  spinal  cord, ii.  482,  488 

of  the  mucous  system, , . .  .iL  432 

— ^  of  the  serous  membranes, .  iL  433 

of  the  muscular  system,. .  .it  433 

of  the    respiratory   system, 

it  483 

of  the  glandular  system, .  .IL  433 

situations  in  which  they  have 

not  been  demonstrated, it  434 

course  of, iL  436 

structure  of^ .IL  436 

connections     of,    with    sur- 
rounding tissues, iu  437 

elasticity    and    contractility 

of,.... iu  439 

Lymphatic  glands,  number  and  sit- 
uation of, iu  439 

structure  of, iu  440 

course  of  vessels  through,.iL  440 

follicles  of, ii.  441 

arrangement  of  the  lymphat- 
ics in  the  interior  of, it  442 

blood-vessels  of, ii.  443 

ner\'es  of, ii.  443 

function  of, ii.  444 

Lymph-corpuscles, ii.  622 

function  of, ii.  527 

Macaroni, ii.     97 

Macula  acuslica, v.  214 

Macula  folliculi, v.  292 

Macula  lutea, r.     66 

Male  organs  and  elements  of  gen- 
eration,  ••.... v.   818 

Male  elements  of  generation, ...  v.  822 

Malleus, . .  ..t.  157 

development  of, r.  411 

Malpighi,  pyramids  of, iiu  146 

corpuscles  of,  in  the  kidncv, 

ill.   162 

blood-vessels  in  the  corpus. 

cles  of,  in  the  kidney, iii.  167 

capsule    of,  in    the   spleen, 

iii.  884,  380 
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Mnlpigiii^    corpaacles  of,   in    the 

iipieea, .tit  935 

llftltaiqtiorg iL  113 

KAmiD«ry  gl&tidd, ,,,,  Ml.    72 

number  uid  position  of^ . .  tii.     79 

condition  of,  during  the  inter- 

vata  of  Iiictaiioo, , .  ,ui,  76»  80 

structure  i}t\  during  luctation^ 

\\l     7« 

— ^  nipple  and  ureoln  of, iii.     7^ 

lactiferous  or  galactopborous 

ducts  oi; ,..iU,  77,  78 

«ub-areolftr  mUBcles  of,. .  Ail.     77 

lobes  and  lobules  of, iil     78 

iicini  ol^ , Ui.     79 

ftw^rtftint^  vesiolei  of^. , . .  ,iii.     79 

i»ptfhi'lium  of  the   Becreting 

vesioie^  of,.  .,..♦,,,.,.», .  .iii.     79 

MAuniee,  ...<.... ii.    61 

lUrgnrine  in  milk, .iii.    96 

MAdotte,  experiroent  of, v.     87 

Morrow  of  the  bones,. Ui.  486 

gieoemtiori    of   bony    tissuB 

froii^  by  tron apian tatioOf.  .  ,  .iii.  485 
Maslii'Ht^- ii.  138 

[  kl     anAtomy    of 

part-  I  in, ii.  ISO 

mu»ciej»  ol, . . , , ii,  146 

-  action  in,  of  musdee  which 
depress  the  lower  jaw, » , , , , .  .ii,  147 

■  action  in,  of  muscles  which 
elcvnie  the  lower  jaw  and  move 
it  late  rail  V  and  aut«ro-postcH- 
orly,  _...'_,,.. ii.  149 

action  of  the  tongue,  lips, 

and  checks  in,  . . , ii.  160 

stmunary  of  the  procefls  of, 

ii.  158 

Influence  of,  upon  the  parotid 

pf  cretion, iL  160 

'  n«?rvu  of   (see  fiHh    nerve, 

small  root),..,. ,,, h,  199 

MaiitUry  bone,  auperior,. . , ...  .ii.  144 

inferior, . . .  .   . , ii.  144 

articulattoQ  of,  with  the  tem- 
poral bone, U.  145 

Meals 11.    69 

from  non  -  domeeticated  ani- 

niab,. ii.     74 

fnjm  animala   hilled  before 

nmturity ii.    74 

action  of  the  gastric  jut<^e 

upon^ -  ,.iL  255 

Meckel,  cartilage  of, v.  403,  413 

Meckel**  ganglion,. iv.  419 


Meconium, , , , ,  .v,  4^9,  455 

Mediastinum  testis,. , .t.  315 

Medulla  oblongata,  decussation  of 

the  motor  conductors  m, iv.  283 

phyiaiologicftl  anatomy  of,. it*  40S 

origin  of  nerves  in, iv.  404 

functions  of, , , .  Jv.  405 

-        connection  of,  with  respira« 

Hon, iv.  406 

influence  of  division  of  one 

lateral  balf  of,  upon  respiration, 

iv.  409 

vital  point  in, iv,  410 

connection  of,  with  various 

reflex  acts,, » iv.  411 

development  O^... , .  ,▼.  400,  401 

M^^diillocelis, ,iii,  485 

Moiboniian  glands, iii,  62,  v.  1»9 

secretion, .Iii.    70 

Meisfner,  corpuscles  of,. . . ». .  .Iv.     39 

Mclanine, ..,.,.,,....  J,     98 

Melody ▼.  167.  177 

Membrana  basiLiria  of  the  cochlea, 

V.  215 

Membrana  fusca, v.    48 

Membrana  granulosa,.. . . , v.  277 

Membrana  media,. .,..,,. v.  8*»5 

Mombraua  l4-*ctoria, , ,  v.  21 S 

Membrana  tynipttni,»frntfturf  of,.v.  197 
-^—  «mc  of  light  ill ,  V.  ]  99 

usei  of,.. .  V.  199 

artificial v.  1 99 

voluntary  tension  of,, . . .  .v.  201 

— —  loss  ijf,, V.  205 

poBition  of,  in  persons  with  a 

musical  ear, •  * , ,  .v.  207 

M^ni^re^B  dieeiase,.  .iv.  S69  <nof«), 

887,  V.  226 
Menstruation,  relations  of^  to  ovu- 

Ution, T.  296 

analogy  of,  with  rut  in  the  in- 
ferior anhnals, .v.  S93,  296,  801 

m  monkeys, v,  80*2 

phenomena  of,. ,  .v.  802 

aft^r  extirpation  of  th«  ova- 
ries,  ., T.  803 

different  stages  of,, , . .  . ,  .v,  804 

characiers  of  the  flow,, . .  ,v.  805 

influence  oC  upon  the  elimi- 
nation of  urea,  the  pulse,  and 

the  teraj>eratnre, . , v.  306 

changes  of  the  uterine  mu- 
cous membrane  in, v,  306 

arreit  of,  during  lactation, .  v.  464 

Mercury,  absorption  of,.. ..... .it  464 
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M^ry,  glands  of; v.  322 

Herycismus  (see  RuinmaUon),..iL  295 

Mesentery,  development  of; v.  407 

Mesocephalon  (see  tuber  annukreX 

iv.  898 

Mezzo-soprano  Toice, iii  504 

Micropyle, ▼.  290,  352 

Middle  ear, : v.  154 

Middle    register    of    ^e    female 

voice, iii.  509 

Milk,  as  an  article  of  food, ii.    76 

composition  of, it  77,  iiL  93 

mechanism  of  the  secretion 

of; iii.    80 

disappearance  of  epithelium 

during  the  secretion  of, iii.     82 

proper  diet  during  lactation, 

iii.     83 

influence  of  liquid  ingesta 

upon  the  secretion  of; iiL    84 

influence  of  alcohol  upon  the 

secretion  of, iii.     84 

elimination  of  foreign  sub- 
stances in, iii.     85 

influence  of  mental  emotions 

upon  the  secretion  of, iii.     85 

influence  of  the  nervous  sys- 
tem upon  the  secretion  of, . .  .iii.     86 

quantity  of, iii.     86 

general  properties  of, iii.     88 

specific  gravity  of, iii.     88 

reaction  of, iii.     88 

coagulation  of, iii.  89,  95 

separation  of  the  cream  from, 

iii.     89 

microscopical  characters  of, 

iii.     89 

nitrogenized  constituents  of, 

iii.     94 

albumen  of, iiL     95 

non-nitrogenized  constituents 

of, iii.     96 

sugar  of, iii.     97 

inorganic  con.stituents  of,. iiL     97 

gases  of, iiL     98 

variations  in  the  composition 

of, iiL     98 

eoiiiposition   of,  at  different 

perioils  of  lactation, iii.     99 

intiuence  of  menstruation  and 

pregnancy  upon  the  composition 

of, iiL  100 

■  comparative  composition  of, 
in  fair  and  dark  women,  and  in 
different  races, iii.  100 


Milk,  influence  of  the  quantity  se- 
creted upon  the  compodtion  of; 

iiL  103 
secretion  of,  in  the  newly- 
born, iiL  106 

Milk-^obules, iiL     90 

Milk-sugar, L     60 

Modiolus  of  the  cochlea, t.  215 

Molar  glands, iL  166 

Molar  teeth, u.  142,  143 

MoUusks,  used  as  food, iL     84 

Monocular  vision, t.  128 

Monsters,  conjoined, t.  462 

Morgagni,  hyatlds  of, t.  315 

Motor  oculi  communis, iv.  126 

physiological  anatomy  of; .  iv.  1 27 

properties  and  functions  of, 

iv.  128 

muscles  of  the  eye  affected 

by  paralysis  of; iv.  129 

Influence  of,  upon  the  iris, 

iv.  131,  133 

typical  case  of  paralysis  of; 

in  the  human  subject, iv.  134 

Motor  oculi  extemus, it.  136 

physiological  anatomy  of,.iv.  136 

properties  and  functions  of, 

iv.  137 

Mouth,  development  of, v.  412 

Movements,  general  considerations, 

iii.  436 
of  amorphous  contractile  sub- 
stance, (amoeboid  movements)  iiL  437 

of  cilia, iiL  438 

due  to  elasticity, iii.  442 

muscular iiL  445 

Mucilages, ii.     61 

Mucosine, L     89 

Mucous  follicles  of  the  stomach,.iL  214 
Mucous  membranes,  anatomical  di- 
vision of, iii.     46 

general  anatomy  of, iiL     47 

follicular      and       racemose 

I      glands  of, iiL     48 

j of  the  bladder,  ureters,  and 

I      pelvis  of  the  kidney, iiL     49 

action  of,  in  resisting  the  ab- 

I      sorption  of  venoms, iii.     67 

I  Mucus,  mixture  of,  in  the  gastric 

I      juice, .iL  264 

I mechanism  of  the  secretion 

of, iiL     49 

' general  properties  of,. . .  .iiL     61 

I microscopical  characters  of, 

I  iii.     62 


^^^^^^^^^     OEXEBAL   Da>EX  TO 

MttouB^  compositioii  of, iii.     52 

luLsttl,  comp<>sitioQ  of,. . ,  AM     fi8 

bronchittl    nuil     pulmonary, 

tompo5>Uion  of, , , iii,     64 

—  aecrt'ted  by  the  mucous  nicm- 

l»nuiu  of  tlie  nUmcntftr?  ciUial, 

lit     54 
from  tb«  Hnn^ry  pna^agea, 

III  56,  an 

from  the  generttlf  e  pttM«gw, 

iii.     55 

coiy  unctiviil, iii,     66 

general  functiott  of| , iii.     66 

-in  the  urine, m.  217 
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pi«a                  ^^^H 

Muficles,  reotorataon  of  the  contrac-                       ^^^^1 
tility  of,  by  injection  of  blood,.iii.  467                ^^^H 

shortening  and  hardening  of                       ^^^^| 

theflbn»of, Ml  469                ^^H 

no  variation  in  the  absolute                       ^^^^| 

▼ohune  of,  during  contraction,                              ^^| 

ill  im                    ^M 

changes  in  the  form  of  the                               ^H 

fibres  of,  during  coairaction,.iil  470                      ^M 
contraction    of,  exdted   by                       ^^^H 

electiicttv  applied  to  the  nerve,                       ^^^H 

470                ^^H 

dngle  ootitractoi  of  (tpoflml                            ^H 

lit.  471                _^M 
period  of  a   single  contrac-                        ^^^^t 

tioD  and  relaxation  of, ., ...  .iiL  472                 ^^^^| 
mechanjBm  of  prolonged  con-                         ^^^^| 

traction  of  (tetanus), .iii.  474                 ^^^H 

sound  produedl  by  contrac-                        ^^^H 

Muller,  ducta  of;, t.  421,  422 

ckrelopment  of,  into  the  Fal- 

lopi»n  tubef v.  421,  422,  438 

Mu8g1i»,  involuntarj,  anatomy  of, 

iii.  446 
action  of,. iii.  448 

Tohintary,  aiuitomY  of|.  *  -iii.  449 

primitive  fasciculi 'of, iii,  450 

*-=—  earco1«?mma  of, iii.  461 

fatigue  of, iii  476                 ^^H 

electric  phenomena  in,« .  .iii  476                 ^^^H 

fibrillwor;..... iii.  451 

9arcous  elemonU  of^ iii  452 

iibroua  indadipoBC  ti««ne  in, 

lit  45S 

perimysium  of| iii  454 

connective  tiasae  of, iii.  464 

blood-vesidi  and  lymphatics 

of, _..-.....,', iii  456 

«MOCtat4»d  »c  1  ion  of, v.  1 35                 ^^^H 

M^r^rh.^^^r  »i v.ImIh,.. T.  139                   ^^^1 

ear,  .....T.  158                ^^H 
.  rogTe0aive,.iv.  448                ^^^H 

MuscuUr  sense,  so  called,... . .  .t.     15                 ^^^H 

Muscular  system,  development  of,                         ^^^^| 

Mui^ciii'^  <:......  comparison  of  the                         ^^^H 

qn                    th  the  quality  of                        ^^^H 
br.                                   iv.  842                  ^^H 

termination  of  the  nervea  in,                         ^^^H 

involuntary,   termination   of                         ^^^H 

^^~  connection  ot^  with  thf»  ten- 
1                    dons, iii.  457 

chemical  oompoaitiou  of,JiL  457 

phjiidiwloftl  pfoporttofi    of, 

iii  458 

clauticity  o^. iii.  459 

tonicity  oC;... iiL  460 

aeneibility  of, ,. ,  .Ul  460 

iXjntractUity  or  irritability  of, 

iii  461 
persistence  of   contmetillty 

in,  after  death, iii.  463 

distinction  between  mii«cular 

and  nervous  irriubility,.. , .  Jil  463 
influence  of    woorara   upon 

the  irritab'dity  of  the  nerves  of, 

iii.  464 
^-^  influence  of  sulpho-cyanide 

of  potji»8Jum  ttpon  the  contrac' 

tilitv  of, id.  465 

at iiscuUne, J . . .  i  (^0,  ii  46,  til  458                 ^^H 

Ma^C  eftriy  history  of, v.  168                 ^^H 

Moj^cal  scale,. t.  176                 ^^H 

MnMcal  lu-ya, , .r.  177                 ^^H 

Musical  quality,.'. t.  179                   ^^^1 

Mue«§eld  used  as  food,... il.     84                 ^^^H 

.«*... ..iT.     21                  ^^H 

..«.«,«..iT.  65,  2160                   ^^^B 

^1     ..,...^us, iii  484                 ^^H 

Mvolemma, iii.  451                ^^H 

influence  of  the  nervous  iys- 

tem  upon  the  irriiAbiHty  of,  .'iii.  466 

influence  of  the  circulation 

^^m           upon  the  IrritabUity  of,.   . .  .m.  466 

Y^aHaO.     m^lM  Af                                      »                                          ^^^H 

Nail^,  anatomy  of, .....iii  118                ^^H 
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Nails,  connections  of,  with  tlie  epi- 
dermis,  iii.  120 

growth  of, lit  120 

first  appearance  of^ v.  897 

\ares,  separation    of,  from    the 

mouth, V.  416 

—  separation  ofl  from  each  oth- 
er,   V.  416 

Nasal  fossae, v.    25 

development  otj v.  416 

Negative  variation, iv.  120 

Nerve-cells,  varieties  of, iv.    46 

Btriation  of  the  substance  of^ 

by  the  action  of  nitrate  of  sil- 
ver,   iv.    48 

fibrillation  of  the  prolonga- 
tions of^ iv.    48 

connection    of;  with  nerve- 
fibres  and  with  each  other, .  .iv.    50 
Nerve-centres,  structure  of,.. .  .iv.    45 
accessory    anatomical     ele- 
ments of, iv.     53 

connective  tissue  of, iv.    55 

blood-vessels  of, iv.    56 

perivascular  canals  of,. . .  .iv.     56 

trophic  (see  trophic), iv.  441 

Nerve-force, iv.     97 

non-identity  of,    with    elec- 
tricity,  iv.     98 

Nerves,  structure  of iv.     18 

medullatcd  fibres, iv.     19 

axis-cylinder, iv.     21 

striation  of  the  axis-cylinder 

by  the  action  of  nitrate  of  sil- 
ver,  iv.     22 

fibrillation  of  the  axis-cylm- 

der, iv.     23 

simple,   or  non  -  meduUated 

fibres, iv.     23 

gelatinous  fibres,  or  fibres  of 

Remak, iv.  24,  425 

accessory    anatomical     ele- 
ments of, iv.     26 

perinivreoiy iv.     26 

fibrous  tissue  of, iv.     27 

branching  and  course  of, .  iv.     28 

termination  of,  in  voluntary 

muscles, iv.     29 

terminal    plates   of,   in    the 

mu?cles, iv.     82 

termination  of,  in  involuntary 

muscles, iv.  84 

termination  of,  in  the  uteru.s, 

iv.     85 
termination  of,  in  glands, .  .iv.     35 


FAOS 

Nerves,  sensory,  corpnfldeB  of  Pa- 
cini, or  of  Vater,. iv.     >7 

sensory,   tactile    oorpusMdes, 

iv.     89 

sensory,  general  mode  of  ter- 
mination of, It.  44 

reunion  of  fibres  of  difTerent 

properties, iv.     61 

motor  and  sensory, iv.     66 

anterior  and  posterior  roots 

of  the  spinal, iv.     67 

observations      of     Walker, 

Mayo,  Bell,  and  Magendie,  on 
the  spinal  roots  of, iT.6^78 

properties  of  the  posterior 

spinal  roots  of; it.     79 

influence  of  the  ganglia  of 

the  posterior  spinal  roots  on  the 
nutrition  of, iv.     80 

properties   of  the    auterior 

spinal  roots  of, iv.     80 

recurrent  sensibility  of  the 

anterior  spinal  roots  of, iv.     81 

mode  of  action  of  the  motor 

filaments  of; iv.     84 

independent   action    of  the 

fibres  of, iv.     85 

mode  of  action  of  the  senso- 
ry filaments  of, iv.     88 

sensation  in  members  after 

amputation, iv.     89 

irritability  of, .....iv.     91 

excitation  of,  by  galvanism, 

iv.  93,  105 

action  of  woorara  upon, .  .iv.     94 

mode  of  disappearance  of  the 

irritability  of  the  motor  fila- 
ments of, iv.     96 

mode  of  disappearance  of  the 

sensibility  of, iv.     96 

elevation  of  temperature  in, 

during  their  functional  activitv, 

iV.   104 

action    of   electricity    upon 

(see  electricity), iv.  105 

galvanic  current  from  the  ex- 
terior to  the  cut  surface  of,,  .i  v.  113 

spinal,  gcnertd  description  of, 

iv.  122 

cranial,  anatomical  classifica- 
tion of, iv.   124 

cranial,  physiological  classifi- 
cation of  (see  different  cranial 
nerves  under  their  special 
names), iv.  125 


^^^^^^H                GENKRAL   IXDEX   TO 

^^^^^^^^^                                                    rAom 

^m          Keires,  cakir., Iv.  183,  41d 

^H           Vidian,; , iv,  420 

^H          cardiac  sympothetio, Av.  421 

^H          splanchnic, , .  .iv.  422 

^H          frolar  pleJius, iv.  423 

^^H          la  the  dubdtance  of  the  heart, 

^B                                                              iv.  422 

^H         spiral  fibrcfl  of  the  spipa- 

^m              Ihciiu,.... ...,., IV.  426 

^^1         vaso-motor  (see  Ta»i>-motorX 

^M 

^H         trophic  (see  trophic), iv.  441 

^f          development  o^ v.  898 

P                motor  nefVM  of  the  ghinde, 

1                                                                  iil.    81 
^^m          Kervons  conduction^  mpidity  of, 
^B                                                                               99 
^H          Nervous  eastern,  influence  of,  upon 

^H              iccrction, iii.  24,     2S 

^H          cxcito.«iccretory, liL    29 

^H          influence  of,  upon  natrition^ 

^B                                                          in.  388 

^^M          geuural  c'onaideralirins, . .  .iv.     13 

^^^H          riivwions  of, . , , ,  -  .iv.     15 

^^m          B  Jill  pathetic,  gaugJionio,   or 

^H              organic  (see  tjmpathetie),.  .Jv.  416 

^H           development  of, *. . ,  v,  898 

^H           fimctiona  of,  In  the  fa»tUB,.v.  404 

^^H           KcrvoujS   tissue,   anatomical  divi- 

THE    FIVE   TOLUMES.                  5l.»l                 ^^H 

Not8«,  ad  disOnguiahed  from  sound,                      ^^H 

NoD-Ditrogenized  principles,.,  .i.  25,  48               ^^^H 

office  of,  in  nutrition, iii.  878               ^^^H 

Non-nitTOgenized  aTimentary  prin-                      ^^^H 

ciple^, il     54               ^^M 

NoAe,  dev elopment  of^ .....  v.  4 1 8,  4 1 4              ^^^H 

Notocordc, T.  893              ^^^H 

Nutrition )  general  considerations,                      ^^^H 

office  of  prineipiee  (inotgan*                      ^^^H 

-     ic)  that  pasa  through  the  oi^n-                      ^^^H 

office  of  principles  couEiume*!                      ^^^H 

in  the  organism, iii.  87S              ^^^H 

office  of  nilrogenized  princi-                       ^^^^| 

pies, ,...ili.  373               ^^^1 

eflevts  of  ^lystemntic  diet  and                      ^^^H 

exercise  upon, iii.  874              ^^^1 

office    of    uon-uitrogenized                     ^^^H 

principlcfl, ,.  .iii.  378              ^^H 

influcaoe  of  the  nervous  sva-                     ^^^M 

tern  upon, Hi.  388              ^^H 

Influence  of  eierci^*  upon,  iii.  888              ^^^H 

influence  of  Hge  npon, . , .  ,iii.  390              ^^^H 

eflects  of  division  of  the  fifth                      ^^H 

nerve  upon^ iv.  197              ^^^H 

Oatmeal, il     H              ^^M 

Oblique  muscles  of  the  eje,  action                     ^^^H 

of, ..T.  134              ^^H 

Obliqtius   extern  us  and    itttemus,                       ^^^H 

action  of,  ill  respiration, i,  888               ^^^H 

^H           composition  of, iv.     56 

^M          tn -  -   jples  in, iv.     58 

^H          -f                  II  of, iv.     60 

^^^^^  Nervu                  aUfl^ iv.  416 

^^^■^cunil  ciutal, v.  860,  390,  398 

^^^If  ^^'^i*^  synthesui  of,. .  .liL  195,  iv.  57 
^^^^^  NeurUenuam  of  the  spinal  cond, 
^H                                                                iv.  260 

exh'alatioa  of,  bj  the  lunga,J.  450               ^^^H 

(Esophagus,  general  description  of,                      ^^^H 

186               ^^M 

muscular  fibres  of, il  187               ^^^H 

mucous  membrane  of,.    .  .ii.  188              ^^^H 

action  of,  in  deglutition, . .  .ii.  204              ^^H 

intermittent  contractions  of                      ^^^H 

the  lower  third  of; ..ii.  204              ^^^1 

^^^^Bl^itrogen,  ei  halation  of,  in  respira' 

^m          of  the  blood, L  465,  468 

^^M          ^^  comparison  between  quanU- 
^H              tv  of,  disehaiged  and  ingeated, 
^K^                                                          u.  124 

^^^^»  Nitrogen  in  the  urine, iii.  216 

^^^^^■Nhrogifnized    alimentary     princi- 

^^^^"       pies,.. .....ii.     45 

^^B           Kltnigenized    principles,    general 

^^1               considerationa, i.  27^  69 

^H          ofiice  of,  in  nutrition ill.  87?l 

^^K         Nitrous  oiide,  cflecta  of  respira- 

action  of,  in  vomiting, IL  303              ^^^M 

influence  of  the  pneumogas-                      ^^^H 

trie^  U|H>n,, .iv.  241               ^^^H 

development  of, v.  4t>8               ^^^^| 

OiU  (^ee  fAtd), .....if.     61              ^^H 

Okeii,  bodied  of  (see  Wotm&n  bod-                      ^^^H 

ies), V.  420              ^^H 

Old  age ..V.  459               ^^H 

OVme,  iumilk,.,..,           ....iii.    96              ^^H 
Oleo-phrtHphoric  acid  and  its  com-                      ^^^H 

pounds, iv.     50              ^^^H 

^^^^Bllodal  line?  in  vibmdng  plates,, v.  194 
^^^^T®<>ii«»  iti  vibrating  strings,. . , ,  ,v.  185 
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Olfaction, ▼.    25 

membrane  endowed  with  the 

sense  of, ▼.     26 

loss  of,  after  destruction  of 

the  olfactory  nerves  or  bulb8,.v.    SO 

mechanism  of^ v,    88 

distinction  between  odorous 

impressions    and    those  which 

affect  general  sensibility, v.    88 

relations  of^  to  gustation,.. v. 

85,282 

Olfactory  bulbs, v.    28- 

Olfactory  cells, v.    28 

Olfactory  lobes,  nerves,  and  com- 
missures, development  of, . . .  .v.  403 
Olfactory     nerves,    physiological 

anatomy  of, v.    27 

general  properties  of, v.     29 

insensibility  of,  to  ordinary 

impressions,  v.     29 

Olivary  bodies  (see  medulla  ob- 
longata),  iv.  403 

Omentum,  development  of, v.  407 

Omphalo-mesenteric  canal, v.  867 

Omphalo-mesenteric  vessels,.  ..v. 

867,  481,  434 

Onions, ii.     99 

Ophthalmic  ganglion, ir.  419 

Optic  commissures, v.     89 

Optic  lobes,  functions  of, iv.  39fi 

extirpation  of, iv.  397 

action  of,  upon  the  iris,,  .iv.  398 

Optic  nerves,  physiological  anat- 
omy of, V.     38 

general  properties  of, v.     43 

insensibility  of,  to  ordinary 

impressions, v.     43 

expansion  of,  in  the  retina,.v.     59 

Optic  thalami,  effects  of  lesion  of, 

iv.  837 

functions  of, , . . .  .iv.  394 

development  of, v.  399,  401 

Optic  tracts v.     39 

Optic  vesicles, v.  4()2 

Ora  serrata, v.     55 

Orbit, V.   138 

Organic   non-nitrogenizcd    princi- 
ples, general  consi(lcrationH,.i.  27,  69 
Organic    nitrogenized    principles, 
composition,     properties,     and 
condition  of,  in  the  organism,.i.     71 

table  of, i.     75 

summary  of  properties  of,.i.     93 

Organic  matter,  exhalition  of,  in 
respiration, >.  449 


Organic   system   of  nenres  (see 

sympathetic), ir.  416 

Orgasm,  venereal,. . .  .t.  8S6,  8M,  S40 

Osmazome,^ ' it     87 

Ossicles  of  the  ear, t.  167,  200 

mechanism  of^ t.  209 

articulations  of^ t.  209 

developmoit  of, t.  40S 

Osteine, L     91 

Otoliths,  or  otocooim, L  18,  t.  214 

Ova,  primordial, v.  274,  289 

Ovarian  tubes, t.  274 

Ovaries, ▼.  269 

— —  formation  of  the  ligaments 

of, T.  42« 

Overtones, t.  182 

Ovulation,  independent  of  coitus, 

T.  294 

relations  o^  to  menstmatioii, 

T.  295 

arrest  of,  daring  lactation,.T.  454 

Ovules  of  Xaboth, t.  28S 

Ovum  and  ovulation, t.  288 

Ovum,  structure  of^ t.  289 

vitelline  membrane, t.  289 

Titellus, T.  290 

genhlnal  vesicle    and  spot, 

V.  291 

discharge  of, v.  292 

passage  of,  into   the  Fallo- 
pian tubes V.  296 

passige  of,  from   an   ovary 

into  the  Fallopian  tube  of  the 

opposite  side,  v.  299 

disappearance  of  the  germi- 
nal vesicle r.  354 

passage  of,  into  the  uterus, 

after  fecundation, v.  358 

villosities  of, v.  863 

Oxalate   of   lime,  in    the    urine, 

iiL  208 

Oxygen,  discovery  of, i.  412 

minimum  proportion  in  the 

air  which  will  support  life,...  .i.  414 

effects  of  confining  animals 

in  an  atmosphere  of, L  415 

consumption  of,  in  respira- 
tion  u  416,  476 

influence  of  temperature  on 

the  consumption  of, L  42A 

influence  of  age, L  421 

consumption  of,  in  hiberna- 
tion  L  422 

absorption  of,  by  blood-cor- 
puscles,  t  466 
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Oxygen,  propomoD  of,  in  «rtcrial 

and  Tenoiia  blood, i  464 

condition  of,  in  the  blood,..!.  i(iQ 

in  the  urine^.. .w.iii.  213 

Oystera,  used  as  food, ...il    84 

Oimie, L  414 

Pacini,  corpiwclea  of, it.    S7 

Palai*,  muscles  of, ii.  186 

influence  of  the  faml  nerve 

upon  the  inovenn^nt**  of,. . ,  ..iv.  159 
Palatine  arch,  devdopment  of^.r.  416 
Paocrea^  pbveiologic&l   anatutny 

of, ' ii.  8«0 

mtuatton  of  th«  duct  of,  in 

the  rabbit, .,ii,  845 

effects  of  destruction  of,.  M  'M*J 

— ^  easei  of  di^organixutiou   of, 

in  Uie  huuian  subject,. .  * . . « .iL  848 

euuimary  of  funetiona  of,  Jl.  8B7 

deTeiopm«nt  of,.. . , y.  409 

Pancrefttie  juice,  mode  of  obtain* 

Ing  the  pure  secretion, il.  Z%% 

secretion  of, Ii,  836 

coM.r..w;ti..n  of,-.. ii.  888 

^ ii,  840 

ii  nil  of, Ii,  840 

^^-^^  reactiuu  uf,  with  chlorine^.ii.  841 

action  of,  in  dig«^tiafi,.  ...ii.  841 

action  of,  upon  fata, .  .IL  84S-850 

^ '  action  of,  upon  itarcli,.,  ..il.  8^0 

-^-^  action  of,  up^m  ntgar,. . ,  Ji,  363 
action  of,  upon  nitni^cni^d 

prindpU-A, ....,*.,.  .ii.  854 

Pancreatine, J.  86,  ii.  889 

PaniflcaUon,. II     94 

PapillK  of  the  tongue, t.  £49 

Faralyaifl  from  diseaae  or  ir^urj  of 

the  cereLMjIlum, iv.  B9fi 

alternate, iv.  147,  4*>l 

Parotid  gland  (ece  fialiTa),, . . .  .11  1A6 

motor  ncnrc  of,. . . , . iii,    :i2 

Parovarium, v,  !i7^,  422 

Pftrsiiipg, J.    tiU 

Pant^tion,  cawRee  of,. r,  452 

premature.  Induced  hy  arti* 

ficial  mean!!),. .,,.,.▼,  46i 

reflex  action  in, , ,  ♦ ,  .r.  468 

' arrest  of  hstnotrhage  aA«f, 

V.  S86,  463 

after  death,.. ..v.  461 

Par  Tigum  nerre  (aee  pmeamogaa- 

trie), . ,. iv,  203 

PiithMticus  nerve,. . , Ir,  184 

physiological  anatomy  oi^Ar.  185 


rAoa 
Pathrtieus  nenre,  properties  and 

(unctiana  of, iv,  135 

Pectine,. ., Ii.     60 

Pectoral  luusclea,  action  of,  in  tea* 

piratioDf, ,  ...,...»••.•«.•»  J.  880 

Pectoae,,  ...  ..* ..,..4t     60 

Peduncles  of  the  oerebeUuin,  pr(i|»- 

ertiiM  of,, , iv.  415 

Penis,  development  of, .v.  427 

Pepsin,.  _ .i,  88,  ii,  288 

mode  of  extinction  of,. .  ..ii.  386 

Peptic  glands, ii.  £18 

Prptonea, ii,  268 

Pericardial  accretion, . , .  iii.     42 

PenaiTstuin, iii.  454 

Pirinirrt, iv.     26 

PoriofftcTim, , ill.  485 

generation    of   bony    ti^inie 

from,  by  transplantation, Iii.  484 

Perifftaltic   movements,  inflttence 

of  the  bile  upon, ii.  871,  880 

of  the  small  intestine  («?e 

intestine,  ^rnall), it  876 

Peritoneal  secretion,. .ilL    44 

PeriTascular  canal-systciii  of  the 

nerve-centres, iv.  261 

Perry,. iL  114 

Perspiration  (fiee  iwent), ill  181 

cfTccte  of  ooviriiug  the  entire 

fiurfaec   with    an   impcmieable 

coating, iii.  1 83 

Pctir-l.^  -^  -■  •  tnrhile iii.  275 

Pev  iilomv  of,..ti,  819 

— ^  ' ii.  8S4 

Pbaryugi?al  brnn-'ii...  ,.t    r',,    |.iM-ti, 

mogastrie^  {^*-^-  |.'iii'ijii,--.i-irii:'), 

iv.  217 

Pbaryni;cal  glands, J'    167 

Pbar^nx,  general  descripiiifn   oi, 

ft.   183 

ionfiolr.>  *.f Ii.  18i 

^  nnj.  Mine  of,, ,.  .ii.  185 

devti  1 V.  407 

Phountiou  (etc  vwcw), Iii.  490 

roovcnients  of  the  glottis  in, 

iiL  499 
' influence  of  the  pplnal  acces- 

1 10    recurrent 

1j)  :  .  of  the  pncu- 
ntti^iiiAU-icci  u|MJU|. , , ., iv.  iSl 

PhoHphate  of  lime, ii^    66 

action  of  gaMtric  juice  npon^ 

il  270 

table  of  quantity  of^ ..... .1    40 
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Phosphates  of  magnesiA,  soda,  and 

potassa, i.     46 

Phosphates  in  the  urine, iii.  213 

derivation  of, iii  214 

influence  of  food  upon  the 

elimination  of, iiL  214 

comparative  proportion    of, 

in  the  camivora  and  the  her- 

bivora, iiL  214 

connection  of  the  elimination 

of,  with  disassimilation  of  the 

nervous  tissue, iii  216,  281 

variations  in  the  elimination 

of; iii.  216 

Phosphates,  daily  elimination  of, 

iiL  216 

Physiology,  definition  of, L     14 

Pia  mater, iv.  260 

first  appearance  o^ v.  898 

Pia  mater  testis, v.  816 

Picromel ii.  866,  iiL  262 

Piezometer  (note), L  267 

Pig*s  feet  used  as  food, ii.     76 

Pineal  gUnd, iiL  865,  iv.  412 

Pitch  (see  sound), v.  178 

Pituitory  body, iii.  864,  iv.  412 

Pituitary  membrane, v.     25 

Placenta,  development  of,,  .v.  861,  877 

time  of  limitation  of, v.  870 

maternal  portion  of, v.  378 

injiH'tion   of,  while  attached 

to  the  uterus, v.  379,  381 

relations  of  the  foetal  to  the 

maternal  portions  of, v.  379,  382 

curling  arteries  of,.  ...v.  880,  385 

stnicture  of, v.  383 

dissepiments  of, v.  383 

utricular  glands  of, v.  384 

blood-vessels  of, v.  3^H 

foeUl  villi  of, v.  385 

separation  of^  in  parturition, 

V.  386 

in  cases  of  twins, v.  451 

Placental  circulation,  development 

of, V.  432 

Pleural  cavity,  absorption  from,  ii.  457 

Pleural  secretion, iii.     44 

Pleuro-peritonciil  cavity,  first  ap- 
pearance of, V.  391 

Plicse  palmat«, v.  283 

Plica  semilunaris, v.  141 

Pnoumate  of  smia, L     69 

Pneumio  aeid, L     68 

action  of,  on  the  biearbonates 

in  the  blood, L  446 


FaoB 

Pnenmogastric  nerre, it.  SOS 

physiological  anatom  j  oHyXw,  2M 

anastomoses  of^ it.  SOS  , 

distribution  o£, It.  206  ' 

depressor-nerre  of  the  circa- 

lation, It.  208,  2S1 

properties  and  functions  of^ 

iv.  211 

properties  of  the  roots  oI^Jt.  212 

properties  and  fiinctioiis  of 

the  auricular  branches  clj It.  216 

properties  and  fimctiotifl  of 

the  pharynge*!  branches  of,. aT.  217 

properties  and  functions  of 

the  superior  larvngeal  branches 

of, : iv.  217 

influence  of  the  superior  la- 
ryngeal branches  of,  upon  de^n- 
tition, iT.  218 

properties  and  functions  of 

the  inferior,  or  recurrent  laryn- 
geal branches  of, it.  220 

influence  of  the  recurrent  la- 
ryngeal branches  of,  upon  pho- 
nation, It.  221 

influence  of  the  recurrent  la- 
ryngeal branches  of,  upon  the 
respiratory  movements  of  the 
larynx, iv.  222 

cardiac  branches  of, iv.  223 

influence  of  section  of^  upon 

the  circulation, iv.  223 

influence  of  galvanization  of, 

upon  the  circulation, iv.  225 

direct  influence  of,  upon  the 

heart, iv.   225 

reflex  influence  of,  upon  the 

circulation iv.  228 

properties  and  functions  of 

the  pulmonary  branches  of,,  .iv.  238 

effects  of  division  of,  upon 

respiration, iv.  234 

effects  of   galvanization   of^ 

upon  respiration, iv.  238 

properties  and  functions  of 

the  oesophageal  branches  of,.iv.  241 

properties  and  functions  of 

the  abdominal  branches  of,,  .iv.  242 

influence  of,  upon  the  liver, 

iv.  242 

influence  of,  upon  the  stom- 
ach  iv.  245 

influence  of,  upon  digestion,iv.  248 

influence  of,  upon  the  intes- 
tines,  iv.  249 


^^^^^^*                GENERAL   INDEX  TO 

^^^P      VMNp^^ric  nenrc,  eummnry  of 

^M                                                                       351 

^^m finoMihesia  produGed  bj  com- 

^^H               prc^^ion  of  (iiot«), ,«,«.,,..  «ir.  25d 
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Ptitae,  mMfaudain  of  production  of,                   ^^^H 

frec[ueaej  of,                     .  j.  :£1^             ^^^^| 

form  of, ,.1.254              ^^^M 

dicrotic,. 1.  257              ^^^H 

TariadooB   in  the  character                     ^^^^| 

^^1           — '—  infiaeiioe  of  frectiou  of^  ui>oq 

^H              stomach^igestioii ..il  2U 

^^m           Poisonous  gases,  exhnlation  of^  by 
^^M               the  lungs, , I  460 

inHuenceoftem|ieraUtTvon,.i.  S6<>              ^^^^H 

^^1           Poisons,  abaorpdoD  of,  bj  the  lac- 

Punotum  ca}cuin,. v.  87>  9(>             ^^^^H 

^H           Polar  globule, ,.....,..  .t.  8d& 

^^^          Pons  Y&rolii  (se«  tuber  ftnuul&rc)^ 

^H          development  of, ...v.  4(X) 

Puplllarr  membrane,  ••*«•..▼.  54,  402              ^^^H 
Purkiiye,  vesicle  of;. « ««v.  29 1              ^^^H 

Pnrpnrmn                                                                                           ^^^^| 

Putrefaction, *. . .  .L     78              ^^^M 

of  the  body  after  daath,, .  .v.  468             ^^H 

^H          PorUl  vein  («ee  Uver),. Hi.  235 

^^m          eecretion  of  bUe  after  obUt- 

^H              er&tlon  of, ill  2e^ 

Quadrilateral  c«nal  of  tb«  oochlea,                    ^^^1 

RaUon  of  the  British  eoldier, .  .ii.  ISd             ^^H 
^of  the   United    States    boI-                    ^^^I 

^^H           ^^^  dcTetopment  of,^ •  .v.  4S4 

^H               pA,.ti*rj                                                                  lift 

^H                       PAf^fA 

^H           conipodtion  of; .  .IL     98 

^H           sweet, a     98 

^^1           Pre^ancy,  iiiflueii€e  of,  upon  »ub- 
^^M               Beqitent  feouiidutlons, ......  .t.  S46 

^^1           ^ duration  of,. ...v.  446-448 

Receptaculum  chyli,  diBoovery  of,                      ^^^^1 
Eeetl  museleB  of  the  eyeball^  action                     ^^^H 

^H          multiple,..^ 7.  461 

^^M          —  F&Uopian  and  abdominal,.. v.  452 
^H          PrehenBion  of  solids  and  liquids, 
^H                                                                  137 
^^B          Primitive  trace  of  the  embrjon, 
^m                                                          V.  S58,  85V» 
^^H          PriHmB,  refraction  bjr,. T.     75 

Kectiim,  muaeular  fibres  of,. . ,  .li.  887             ^^^^1 
mucouB  membnine  of,. . .  .ii.  890             ^^^^| 

the  pneomogastrics  (see  puen<                     ^^^^| 

mogaBtric), iv.  220              ^^^H 

Becurt>ent  BenBibilitj  of  the  ante-                    ^^^H 

nor  roots  of  the  spinal  nerves,                    ^^^^| 

81             ^^M 
Keflex  action,  definition  of;. . .  .iv.  29d             ^^^| 

of  the  brain,  in  dreams,.. iv.                     ^^^H 

300, 449              ^^H 

of  the  spinal  cord, iv.  800              ^^^| 

in    animals    poisoned  with                     ^^^^1 

strychnine  or  opium, ......  .iv.  310             ^^^^| 

in  decapitated  animals,...  tv,  811              ^^^H 

of  the  sympatbetic  srstem,                     ^^^H 

iV.  429,  487              ^^H 

RsiVaction  by  lenses, , . . , t.     77              ^^^H 

BefVaction,  mechanism  of,  in  the                     ^^^H 

^^M              P....dr»f/>                                    ,,,           V    JlQl 

^H            Prostatic  fluid,, ▼.  321|  824 

^^H                 T'rritiAcmn^      ,,,                                  .           i»        Kl 

^^H                                                                                  1  1  1      1       ,  *         '^'* 

^H           Protoplasm iil  868,  437 

^^1           Proximate  principles,  general  con- 

^H              slderation^, I  'iO-U 

^^H           — -  inorganic,. ..,,,.., ^..,..L     25 

^m          do.  (cable) i.    28 

^^M          or^nic  non-nitrogeni2;ed,..l     25 

^^H          action  of,  upon  ftarch,« . .  .it  171 

^^          PuhertT,.. v.  800,  469 

■  Puberty  and  roenatruation, . . . .  ,t.  SOO 

■  Pulinonar?     artcrv,    pre^ure    of 
^H              blond  in, I  341 

by  the  cornea  and  crystal.                     ^^^^1 

line  lens, v.    91              ^^^H 

R^urgttation  &ora  the  stomach,                     ^^^H 

292             ^^H 

Rdflsoer,  membraaooi;... v.  215             ^^^H 

Romak,  fibres  oi; ,..iv.  24,  425             ^^H 

^^P          (Irft  appearance  of,. .  .v.  432,  438 

^1         '       Piilmonarv  circulation,  first  estab- 

■                     lishment  of,  at  birtb v.  441 

^^^         Pulp-cavit  V  of  the  teeth il  142 
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PAOC  I 

Reptiles  used  as  food, ii.     83 

Reserve  air, i.  400  ■ 

Residual  air, u  399  ! 

Resonators  of  Helmholtz, v.  184 

Respiration,  influence  of,  on  the 

action  of  the  heart, i.  217 

— —  general  considerations,. . .  .u  853 

movements  of, i.  366 

frequency  of  movements  of,.L  891 

movements  of  the  ribs  in,.. I  374 

types  of, i.  389 

relations  of  inspiration  and 

expiration, i.  892 

relations  in   volume  of   in- 
spired and  expired  air, i.  406 

changes  of  the  air  in  (histori- 
cal considerations), I  409 

consumption    of  oxygen  in 

(see  oxygen), i  416 

effect  of  confining  an  animal 

in  a  mixture  of  oxygen  and  hy- 
drogen,  i.  422 

exhalation  of  carbonic  acid 

(see  carbonic  acid), u  424 

relations  between  the  quan- 
tity of  oxygen  consumed  and 

carbonic  acid  exhaled, i.  443 

exhalation  of  watery  vapor, 

i.  446 

exhalation  of  ammonia,. . . .  i.  448 

exhalation  of  organic  matter, 

i.  449 

exhalation  of  alcohol, i.  450 

exhalation  of  odorous  prin- 
ciples,  i.  450 

exhalation  of  certain  poison- 
ous gases, i.  450 

exhalation  of  nitrogen,. . .  .i.  451 

changes  of  the  blood  in, . . .  i.  452 

absorption  of  oxygen  by  the 

blood-corpuscles, i.  455 

proportions  of  gases  in  ve- 
nous and  arterial  blood,.. i.  456, 

4C4-470  I 

relations  of,  to  nutrition,,  .i.  472 

eombusticm-theory  of,.i.  473-476 

consumption  of  oxygen,. .  .i.  476 

production  of  carbonic  acid, 

i.  478 

cutaneous, i.  489 

■     influence  of  the  pneumogas- 

trics  upon, ...  .iv.  223 

sense  of  want  of  air,.iv.  236,  408 

efftH'ts  of   galvanization    of 

the  pneumogastric-j  upon, . . .  iv.  238 


FAOB 

Respiration,  oonnectioii  of  the  me- 
dulla oblongata  with, iv.  406 

influence  of  dividing  one  lat- 
eral half  of  the  meduUa  oblon- 
gata upon, iv.  409 

cause  of  first  effort  of,   at 

buth, V.  443 

Resputitory  efforts  before  birth, 

L  487,  ▼.  404,  441 
Respiratory  organs,  anatomy  of,.L  857 
Respiratory  sounds  (murmurs), .  X  898 
Respiratory  sense,  the  sensation 
inducing     respiratory     move- 
ments,  L  479-484 

Respiratory    sur&ce,    absorption 

from, \L  455 

Respiratorv  system,  derelopment 

of, '. V.  410 

Resultant  tones, v.  187 

Rete  testis, ^ -....v.  816 

Retina, v.     54 

extent  and  thickness  of,... T.     55 

—  ora  serrata, v.     55 

yellow  spot  of  (niacuU  lu- 

tea), T.    55 

layers  of, t.     65 

rods  and  cones  of  (badllar 

membrane,    or    Jacob's    mem- 
brane),  v.  55,  56 

external  granule-layer  ofj ..v.     58 

inter-granule  layer  of  (cone- 
fibre  plexus), V.     58 

internal  granule-layer  of,.. T.     58 

granubir  layer  of^ v,    58 

layer  of  ganglion-cells, ...  .v.     58 

expansion  of  the  optic  nerve, 

v.     69 

blood-vessels  of, v.     60 

comparative    sensibility    to 

light  of  dift*erent  portions  of,  .v.     88 

Rice, ii.     92 

Right-handedness  (see  dextral  pre- 
eminence),   V.  456 

Rima  glottidia,  development  of,.v.  410 
Roasting,   in  the  preparation   of 

food, ii.     88 

Rolling  and  turning  movements 
following  injury  of  certain  parts 

of  the  encephalon, iv.  412 

Rosenmiiller,  organ  of,. . .  .v.  278,  422 

Ruloff;  brain  of, iv.  848 

Rumination, ii.  292 

course  of  the  food  in, ii.  298 

in  the  human  subject,. . .  .it  295 

Rye, il     91 
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Saccule  of  the  labyrinth, v.  214 

Sacro-lumbalis,  action  of,  in  res- 
piration,  L  889 

Saliva, il  155 

functions  of, iL  174 

action  of,  upon  starch,.  ...il  174 

— ^  action  of  the  pure  secretion 
from  the  different  glands,  upon 

starch, ii.  175 

mechanical  functions  of,,  .il  180 

secretions  from  the  smaller 

glands  of  the  mouth,  tongue, 

and  pharynx, il  166 

Saliva,  mixed, ii.  167 

excitation  of  secretion o^.il  168 

quantity  of, il  169 

general  properties  of, il  170 

composition  of,  il  171 

reaction  of,  with  the  perchlo- 

ride  of  iron,  il  172 

Saliva,  parotid, il  156 

mode  of  obtaining  the  pure 

secretion  from  the  himian  sub- 
ject,   il  167 

composition  of,  in  the  human 

subject, il  157 

comparison  of,  with  the  mixed 

saliva,  in  the  human  subject,. il  158 

organic  principle  of, il  169 

sulpho-cyanide  in, ii.  169 

influence  of  mastication  upon 

the  secretion  of, il  160 

alternation  in  the  secretion 

of,  on  the  two  sides, il  160 

influence    of   gustatory  im- 
pressions upon  the  secretion  of, 

il  161 

functions  of, il  162 

Saliva,  sublingual, il  164 

general  properties  of, il  165 

secretion  of, il  166 

Saliva,  submaxillary, il  162 

composition  and  properties 

of, il  163 

influence    of  gustatory  im- 
pressions upon  the  secretion  of, 

ii.  164 

Salsify, ^ il     99 

Saponification, I     62 

Sarcode,  movements  of, iil  437 

Sarcolcmma,   iii.  461 

Sarcous  elements, iil  452 

Sauerkraut, il     99 

Savors, v.  282 

Scalffi  of  the  cochlea, v.  215 


PJlOI 

Scalene  muscles,  action  of,  in  res- 
piration,   I  872 

Scallops,  used  as  food, il    84 

Scarpa,  humor  of, v.  218 

Schlemm,  canal  of, v.    68 

Schneiderian  mucous  membrane, 

v.    26 

Sclerotic, v.    46 

development  of, v.  402 

Scrotum, v.  814 

Sebaceous  fluids,  varieties  of,,  .iil    67 
Sebaceous  glanda,  structure  of^Jil    68 
connection  of,  with  the  hair- 
follicles, iil    58 

first  appearance  of, v.  897 

Sebaceous  matter, iil     68 

microscopical  appearances  of, 

iil     64 

composition  of, iil     66 

Sebum, iil     63 

Secondary  membrana  tympani,.v. 

156,  166 
Secreting  organs,  general  struct- 
ure o^ iil     83 

cUssification  of, iii.     86 

Secreting  membranes, iil    86 

Secretion,  condition  of  the  circula- 
tion in, iil     20 

intermittent    character    of, 

iil     22 

action    of    the    nerves    in, 

iii.  24,  28 

influence  of  the  composition 

of  the  blood  upon, iii.    27 

influence  of  blood-pressure 

upon, iil    27 

-^—  modifications  of  the  influence 
of  pressure,  through  the  nerves, 

iii.     28 

excito  -  secretory  system  of 

nerves, iii.    29 

reflex  action  in, iil    82 

influence    of    pain,    mental 

emotions,  etc.,  upon, iil     88 

distinction    from    transuda- 
tion,  iii.    84 

influence  of  the  sympathetic 

system  upon, iv.  484 

Secretions,      general     considera- 
tions,  iil     IS 

relations  of,  to  nutrition, .  iil     14 

definition  of, iii.     14 

—^- division  o^ iil     16 

distinction  from  excretions, 

iil    16 
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Secretions,  fluids  produced  by  sim- 
ple    transudation,    sometimes 

called  secretions, iii.     17 

mechanism  of   the  produc- 
tion of, iii.  1«,  22,  23 

action  of  epithelium  in  the 

production  of, iiL     18 

formation   of   characteristic 

elements  of, iii.     19 

elimination  of  foreign   sub- 
stances in, iii.    27 

classification  of, iii.    87 

Semen, v.  823 

in  advanced  age, v.  829 

ejaculation  of, v.  886 

Semicircular  canals, iy.  387, 

V.  166,  214 

fnnctions  of, v.  224 

development  of, v.  408 

Semilunar  ganglia, iv.  422 

Seminal  vesicles, v.  320,  327 

Seminiferous  tubes, v.  816 

structure  of,  before  puberty, 

V.  827 

Semivowels, iii.  614 

Septum  lucidum,  development  of, 

V.  401 
Septum  transvcrsum  of  the  semi- 
circular canals, v.  219 

Serotina, v.  383 

Serous  membranes, iii.     89 

structure  of, iii.     40 

Serous  secretions, iii.  43,  44 

Serratus  posticus  superior,  action 

of,  in  respiration, i.  378 

Serratus  magnus,  action  of,  in  res- 
piration,   i.  380 

Serum,  characters  of, L  146 

Sex  of  offspring,  determination  of, 

v.  345 

Sexual  generation,. v.  258 

Sexual    intercourse,   normal    fre- 
quency of, v.  333 

Sexual  orgasm,  in  the  male,. . .  .v.  335 

in  tlie  female, v.  386,  340 

Shrimps,  used  as  food, ii.     85 

Sighing i.  306 

Sight  (.sec  vision), v.     37 

Silicic  acid,  in  the  urine, iii.  216 

Sinus  t(?rniinalis  of  the  urea  vascu- 

losa, V.  430 

Siren,  inochanistn  of, v.  174 

Skeleton,  development  of, v.  393 

o>-iii   ition  of, v.  396 

Skin,  al).-.»ri)tiou  from, ii.  451 


Skin,  transudation  from,  in  a  bath, 

ii.  464 

general  function  of, iiL  110 

general  appearance  of^ ...  iiL  111 

extent  and  thickness  of, .  .iiL  1  IS 

layers  of, iii.  118 

muscles  of, iiL   118 

true  skin,  or  corium, iii.  114 

contraction  of  non-striated 

muscles  in  the  substance  of,.iiL  114 

reticulated  layer  of, iiL  114 

papilUry  layer  of, iiL  116 

epidermis  of  (see  epidermis), 

iiL  116 

effects -of  covering  the  entire 

surface  with  an    impermeable 

coating, iiL  182 

amount  of  exhalation  from, 

iiL  139,  433 

discoloration  of,  accompany. 

ing  disorganization  of  the  snpra- 

renal  capsules, iiL  854 

-^ first  appearance  of, v.  897 

Skull,  development  and  ossifica- 
tion of, V.  895 

, ir.  446 

at  different  periods  of  life,  iv.  447 

influence  of  heat  and  cold 

upon, iv.  448 

action  of  the  mind  during 

(see  dreams), iv.  449,  452 

condition  of  general  sensibil- 
ity and  of  the  special  senses  in, 

iv.  453 

theories  of, iv.  458 

cerebral  circulation  in,  L  334, 

iv.  454 
production  of,  by  compres- 
sion of  the  carotids, iv.  465 

tendency  to,  produced  by  lig- 
ature of  both  carotids, iv.  456  * 

physiological  repair  of   the 

brain  during, iv.  468 

theory  that  it  is  due  to  want 

of  oxygen, iv.  459 

influence  of,  upon  various  of 

the  functions  of  the  organism,iv.  461 

Smegma  prepiUiale, iiL     66 

of  the  labia  minora, iiL     66 

Smell  (see  olfaction), v.     25 

Snails,  used  as  food, ii.     84 

Sneezing, i.  395 

Snoring, L  898 

Soaps, L  62,  66 

Sobbing, L  396 
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Solitary  glands  of  the  intestine,. ii.  819 
Sommerring,  yellow  spot  of,. . .  .v.     65 

Soprano  voice,  iiL  504 

Sound,  physics  of, v.  166 

laws  of  Tibrations  of, v.  169 

vibrations  of,  in  vacuo f,, .  .v.  169 

intensity  of, v.  170 

reflection  and  refraction  of^.v.  171 

as  distinguished  from  noise, 

V.  171 

pitch  of, V.  178 

range  of  vibrations  of^  in  mu- 
sic,  V.  174 

quality  of, v.  179 

harmonics,  or  overtones,,  .v.  182 

two  sounds  producing  silence, 

V.  190 

Soup,  formula  for  making, ii.     87 

Special  senses,  general  characters 

of, V.     12 

Speech,  mechanism  of, iii.  518 

action  of  the  tongue  in,.  .ilL  516 

Spermatic  cord, v.  814 

Spermatozoids,. v.  826 

•>—  intermediate  segment  of,,  .v.  826 

influence  of  reagents,   cold, 

etc.,  upon  the  movements  of,. v.  826 

development  of, v.  828 

: mechanism  of  the  penetration 

of,  into  the  uterus, v.  837 

•^—  course  of,  through  the  female 

generative  passages, v.  841 

|)assage  of,  through  the  vitel- 
line membrane, .v.  352 

— -  passage  of,  through  a  delicate 

animal  membrane, v.  853 

number  of,  necessary  for  fe- 
cundation,   V.  353 

Sphcno-palatine  ganglion, iv.  419 

Spherical  aberration, v.     80 

partial  correction  of,  by  the 

iris, V.     81 

correction  of,  in  compound 

lenses, V.    82 

Sphincter  of  the  rectum,  internal, 

ii.  889 

external, ii.  390 

of  O'Beime, il  407 

Sph vgmograph  of  Marey, i.  255 

ofVierordt, i.  266 

Spina  bifida, v.  896 

Spinal  accessory  nerve, iv.  166 

^—  physiological  anatomy  of, .  iv.  167 
— ^  properties  and  functions  of, 

iv.  169 


PASS 

Spinal  accessory  nerve,  functions 
of  the  mtemal  branch  of,. . .  .iv.  170 

influence  of,  upon  phonation, 

iv.  171 

extirpation  of,   in    animals, 

iv.  172 

influence  of,  upon  deglutition, 

iv.  176 

influence  of,  upon  the  heart, 

iv.  176 

functions    of    the    external 

branch  of, iv.  177 

Spinal  cord,  regeneration  of,  after 
partial  exsection, iv.     65 

physiological  anatomy  of,. iv.  264 

filum  terminale  of, iv.  265 

columns  ofj iv.  266 

proportion  of  white  to  gray 

substance  in, iv.  266 

central  canal  of,. .  .iv.  266,  v.  898 

comua  of  the  gray  substance 

of, iv.  267 

direction  of  the  fibres  of,.iv.  268 

general  properties  of,. . .  .iv.  273 

effects  of  galvanization  of  the 

antero-lateral  columns  of,  iv.  274,  276 

effects    of   galvanization    of 

the  posterior  columns  of,  iv.  276,  276 

inexcitability  and  insensibil- 
ity of  the  gray  substance  of, 

iv.  277,  278 

excitability  and  insensibility 

of  the  antero-lateral  columns  o^ 

iv.  278 

limits  of  the  sensibility  of  the 

posterior  colunms  of, iv.  278 

action  of,  as  a  conductor,. iv.  279 

transmission  of  motor  stimu- 
lus by,  iv.  280 

situation  of  the  motor  con- 
ductors in  different  regions  of, 

iv.  281 

functions  of  the  lateral  col- 
umns of, iv.  282 

decussation    of    the    motor 

conductors  of,  in  the  medulla 
oblongata, iv.  283 

decussation  of  the  motor  con- 
ductors of^  in  the  cervical  region, 

iv.  283 

transmisdon  of  sensory  im- 
pressions in, iv.  285 

probable  functions  of  the  pos- 
terior white  columns  of,  in  mus- 
cular coordmation, iv.  289 
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Spinal  cord,  decussation  of  the 

sensory  conductors  of, iv.  290 

summary  of  the  action  of,  as 

a  conductor, iv.  295 

action  of^  as  a  nerve-centre, 

iv.  298 
reflex  action  of  (see  reflex  ac- 
tion),  iv.  800 

development  of, v.  898 

Spiral  canal  of  the  cochlea,.v.  165,  215 

Spleen,  anatomy  of, iil  832 

capsule  of  Malpighi, ill  834 

fibrous  structure  of  (trabecu- 

laeX iii.  885 

Malpighian     corpuscles    of, 

iii.  885 

blood  -  corpuscle  -  containing 

cells  of, iii.  838 

vessels  and  nerves  of, iii.  889 

chemical  constitution  of,.. iii.  841 

functions  of, iiL  841 

increase  of  the  white  corpus- 
cles of  the  blood  in, iii.  342 

diminution  of  the  red  corpus- 
cles of  the  blood  in, iii.  848 

^—  variations  in  the  volume  of, 

during  life, iii.  843 

action  of,  as  a  diverticulum 

for  the  blood, iii.  844 

extirpation  of, iii,  845 

voracity  in  animals  after  ex- 
tirpation of, iii.  346 

ferocity  in  animals  after  ex- 

tiri>ation  of, iii.  347 

first  appearance  of, v.  409 

Spleon-pulp, iii.  337 

Spontaueoud  generation,  so  called, 

V.  258 

Stape<lius  muscle, v.  159 

Stapei", V.   157 

development  of, v.  412,  413 

Starch, ii.     56 

proportion    of,  in    different 

vt»gftables, ii.     56 

pranules  of, it     58 

tests  for ii.     58 

chan;:crt  of,  into  dextrine  and 

jrlucoso ii.     59 

prinriples  reseiiibliiip, . . .  ii.     6U 

action   of    the   saliva   upon, 

ii.  174 

action   of  the   gastric  juice 

upon '. ii.  269 

action  of  the  intestinal  juice 

upon, ii.  328 


Starch,  action  of  the  pancreatio 

juice  upon, iL  S50 

summary  of  the  process  of 

digestion  of, it  S58 

Stercorine, IL  899,  t.  455 

extraction  of, ii  899 

crysUls  of, it  400 

formation  of,   from  choles- 

terine, it  408 

inthefseces, iiL  291 

Stereoscope, r.  125 

Stemo-mastoideus,  action  of,  in 

respiration, L  879 

Stewing,  in    the   preparation    of 

food, ii     88 

St.  Martin,  case  of, ii  228 

Stomach,    physiological    anatomy 

of;  ii  185,208 

movements  of, ii  186,  287 

muscular  coat  of^ ii.  209 

mucous  membrane  of,. . .  .ii  212 

ghindular  apparatus  of;... ii  212 

character  of  the  glands   in 

different  parts  of, ii  212,  214 

mucous  follicles  of, ii  2^4 

closed  follicles  of, ii  217 

fistula  into, ii  220 

duration  of  digestion  in,,  .ii  271 

immunity  of,  from  digestion 

bv  the  gastric  juice  during  life, 

ii  275 

existence  of  living  animals  in, 

ii  277 

digestion  of  parts  of  living 

animals  in, .  .ii  277 

protection  of  walls  of,  from 

digestion  during  life,  by  the  al- 
kalinity of  the  blood ii  279 

protection  of  the  walk  of,from 

digestion  during  life,  by  the  cat- 
alytic processes  of  nutrition,. ii  281 

influence  of  section   of  the 

pneuinogastric  nerves  upon  the 

movements  of, ii  285 

difference  between  the  mus- 
cular contractions  of,  in  the  car- 
diac and  in  the  pvloric  portion, 

ii  290 

regurgitation  from ii  292 

anatomy   of,   in   ruminating 

I      anhnals  (note), ii  293 

, gases  of, ii  411 

I  absorption  from, ii  421 

j influence  of  the  pneumogas- 

1      tries  upon, iv.  245 
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Stomach,  deyelopment  ofj v.  406 

Stomach-glands, ii.  213 

Stomach-tubes,    muscular    fibres 

surrounding  extremities  of,..ii.  217 
Strings,  subdirisions  of,  in  vibra- 
tion,  V.  183 

Styloid  ligament,  development  of, 

V.  412,  418 

Stylo-pharyngeus  muscle, ii.  184 

Subclavian  arteries,  development 

of, V.  432 

Subclavian  veins,  development  of, 

V.  435 
Sublingual  gland  (see  sublingual 

saliva), ii.  164 

Sublingual  nerve, iv.  178 

physiological  anatomy  of,.iv.  178 

ganglion  upon  the  root  of, 

iv.  179 

properties  and  functions  of]; 

iv.  180 

eflTects  of  section  of, iv.  182 

influence  of,  upon   degluti- 
tion,  iv.  182 

—^influence  of,  upon  the  sub- 
maxillary gland, iv.  429 

Submaxillary  ganglion, iv.  420 

Submaxillary  gland  (see  submaxil- 
lary saliva), ii.  162 

difference  in  the  color  of  the 

blood  in  the  artery  and  vein  of, 

in.     20 

motor  nerve  of, iii.     81 

Substantia  gelatinosa  of  the  spinal 

cord, iv.  267 

Sudoric  acid, iii.  142 

Sudoriparous  glands,  anatomy  of, 

ui.  184 

length  of  coil  of, iii.  137 

development  of, v.  897 

Suffocation,  sense  of, i.  484 

Sugar, i.  49,  ii.  66 

varieties  of, i.     60 

union  of,  with  chloride   of 

sodium, L     60 

composition  and  properties 

of; i    60 

—  fermentation  of, J.     61 

—  lactic-acid   fermentation  of, 

i.    61 

—  influence  of  solution  of,  on 
polarized  light, i.    62 

tests  for,  Moore's  or  the  pot- 
ash-test; Trommer's  test,. ..  .i.     62 

Barreswil's  test,. . .  .i.  66,  iii.  802 

168 


PAOB 

Sugar,  Maumen6*s  test,  fermenta- 
tion test,  Bdttger*s  test, i.     66 

Fehling*s  test, iii.  301 

formation  of  toruli, i.     58 

origin  and  functions  of, ....  i.     58 

formation  of,  in  the  foetus, 

and  influence  of,  on  cell -de- 
velopment,  i.     59 

destruction  of,  in  the  lungs, 

I     59 

action  .of  the  gastric  juice 

upon, ii.  268 

action  of  the  pancreatic  juice 

upon, ii  853 

presence  of,  in  the  lymph 

and  chyle, ii.  520,  537 

production  ofj  in  the  liver, 

iii  295 

process  for  the  determina- 
tion of,  in  the  liver  and  blood, 

iii.  800 

examination  of  the  blood  of 

the  portal  system  for, iii.  803 

examination  of  the  blood  of 

the  hepatic  veins  for, iii.  305 

examination    of  the    blood 

from  the  right  heart  for,. . .  .iii.  806 

characteristics  of  sugar  pro- 
duced by  the  liver, iii.  316 

production  of,  in  the  liver, 

iii.  816 

effects  of  inhalation  of  ir- 
ritating vapors  on  the  produc- 
tion of, iii.  327 

influence    of    the   nervous 

system  on  the  production  of, 

iii.  328 

destination  of,  in  the  econ- 
omy,  iii.  328* 

office  of,  in  nutrition, ....  iii.  879 

Sugar  of  milk, iii.     97 

Sulphates  of  soda,  potassa,  and 
lime, i.     46 

Sulphates  in  the  urine, iii.  213 

Sulpho-cyanide  in  the  parotid  sali- 
va,   ii.  169 

in  the  mixed  saliva, ii.  172 

Sulpho-cyanide  of  potassium,  in- 
fluence  of,  upon  the  muscles, 

iii.  465 

Sulphuretted  hydrogen,  exhalation 
of,  by  the  lungs, i.  460 

Summation  tones, v.  187 

Superfecundation, v.  847 

Superfcetation, v.  847 
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Supeiior  maxilla,  deTelopment  of, 

V.  412,  418 

Suprarenal  capsules, ill.  349 

structure  of, iii.  860 

vessels  and  nerves  of, ... .  iii.  858 

chemical  reactions  of, iii.  868 

functions  of; UL  854 

^—  discoloration  of  the  skin  ac- 
companying disorganization  of, 

iu.  S54 

extirpation  of, iii.  856 

development  of, v.  424 

Sweat,   mechanism  of  the  secre- 
tion of, iii  187 

influence  of  the  nervous  sys- 
tem on  the  secretion  of, iiu  188 

quantity  of, - iii.  189 

general  properties  of, . . .  .liL  140 

composition  of, iii.  141 

pecidiarities    of^    in    certain 

parts, iii.  142 

urea  in, iii.  142 

Sweet-breads, it     76 

Sympathetic  nervous  system,.  ..iv.  416 

general  arrangement  of, .  .iv.  418 

cranial  ganglia  of, iv,  419 

cervical  ganglia  of, iv.  421 

cardiac  nerves  of, iv.  421 

thoracic  ganglia  of, iv.  422 

pulmonary  plexus  of, iv.  422 

^—  splanchnic  nerves, iv.  422 

solar  plexus,. . . .  .* iv.  422 

semilunar  ganglia, iv.  422 

lumbar  and  pelvic  ganglia  of, 

iv.  423 

uterine  nerves  of, iv.  423 

peculiarities  in  the  intimate 

structure  of, iv.  424 

. connections  of,  with  cerebro- 
spinal nerves, iv.  424 

spiral  fibres  of, iv.  426 

sensibility  and  excitability  of, 

iv.  426 

influence  of  stimulation    of 

parts  of,   upon  the  intestines, 

iv.  428 
^—  influence  of,  upon  the  sul)- 

maxillary  gland, iv.  429 

reflex  action  in, iv.  429,  437 

functions  of, iv.  480 

division  of  the  sympathetic 

cord  in  the  neck, iv.  431 

influence    of,    upon    animal 

hejit,   secretion  of  sweat,  etc., 

iv.  481,  437 


Sympathetic  nerroua  system,  in- 
fluence  otf  upon  the   circulm- 

tion, IT.  482,  48S 

influence  of^  upon  secretioii, 

W,  4M 

influence  of^  upon  the  urine, 

iv.  4S4 
influence  ot,  upon  the  intes- 
tinal secretions, ir.  4S4 

influence   of^    upon    certain 

psychical  acts, iv.  4S8 

cases  of  disease  or  ixgury  ot, 

in  the  human  subject, iv.  440 

experiments  upon,  in  a  de- 
capitated criminal, iv.  440 

Sympexions, ill  860,  865,  t.  3i4 

Synovial  membranea, iii    40 

Synovial  fringes, iit     43 

Synovial  fluid, liL     44 

composition  of^ iii    45 

Tactile  corpuscles, iv.     89 

Tao-foo, ii     53 

Tarsal  cartilages, t.  1S9 

Taste  (sec  gustation),. .  .iv.  156,  y.  2S3 
Taste-buds,  or  taste-beakera, .  •  .y.  251 

Taste-cells, v.  252 

Tastes,  as  distinguished  from  fla- 
vors,  Y.  233 

Taurine, ii.  866,  iii  265 

Taurocholate  of  soda,.  ..ii  867,  iii  263 

Taurocholic  acid, ii  866,  iii  265 

Tea, ii  118 

composition  of, ii.  119 

varieties  of, ii  120 

preparation  of,  for  use,. .  .ii  120 

Tears, y.  144 

Teeth,  physiological  anatomv  of, 

ii  139,  142 

enamel, ii  139 

dentine, ii.   140 

cement, ii  141 

pulp-cavity  of, ii  142 

uses  of  sensibility  of,  in  mas- 
tication,  ii  152 

development  of, v.  416 

temporary,  eruption  of,. .  .v.  418 

permanent,  development  of, 

V.  418 

order  of  appearance  of,. .  .v.  418 

Temperature,  influence   of,  upon 

endosmosis, ii  499 

appreciation  of, v.     22 

Tendons,  connection  of^  with  mus- 
cles, iii  457 
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Tenesmus, II.  408 

Tenor  voice, iii.  604 

Tensor-palati  muscle, ii.  186 

Tensor  tympani, v.  168,  211 

Tentorium, iv.  269 

Terminal    bulbs  of  the    sensory 

nerves, iv.    42 

Terrapins,  used  as  food, ii.     83 

Testicles, v.  814 

tunica  vaginalis  of,. .  .▼.  814,  423 

tunica  albuginea  of^ v.  816 

—  mediastinum  of, v.  815 

tunica  vasculosa  of  (pia  ma- 
ter testis), V.  316 

vasa  recta  of, v.  816 

vasa  efferentia  of, v.  816 

vas  aberrans  of, v.  818 

development  of, v.  422 

descent  of, v.  422,  423 

gnbemaculum  of, v.  422 

movements  of,  produced  by 

irritation  of  the  cerebellum, . .  iv. 

868,  389 

Theine, ii.  119 

Thirst, il    21 

location  of  sensation  of, . .  .ii.    22 

relief  of,  by  immersion  of  the 

body  in  water, ii.  454 

Thoracic  duct,  discovery  of, iL  422 

anatomy  of, iL  435 

effects  of  obliteration  of,,  .ii.  448 

fistula  into, ii.  608 

-^—quantity    of   fluid    obtained 

from  a  fistula  into, ii.  609 

Threnine, v.  146 

Thymus  gland, iii  861 

Thyro-arytenoid  muscles, . .  iii.  494,  496 

Thyroid  gland, iii.  859 

structure  of, iii.  860 

functions  of, iii.  861 

Tidal  air, i.  401 

Titillation, v.     22 

Tones  by  influence, v.  192 

Tongue,  action  of,  in    drinking, 

ii.  137 

—  action  of, in  mastication,,  .ii.  151 

action  of,  in  deglutition,.  .Ii.  189 

action  of,  in  phonation, . .  iii.  608 

action  of,  in  speech, iii.  516 

papills  of, V.  249 

development  of, v.  418,  414 

Tonsils, ii.  167 

Tooth-pulp,  development  of,. . .  .v.  417 

Toruli  cerevisise, i.     68 

Touch,  sense  of, v.     17 


PA6B 

Touch,  variations  in  tactile  sensi- 
bility in  di£Eerent  parts,...  .v.  17,  21 

measurement  of  tactile  sensi- 

biUty, V.     18 

—  relations  of  tactile  corpuscles 

to  the  sense  of  touch, v.     20 

table  of  variations  in  tactile 

sensibility  in  different  parts,.. v.     21 

Trachea,  anatomy  of, .i.  860 

action  of,  in  phonation, . .  iii.  607 

development  of, v.  410 

Tractus  spiralis  foraminulentus,.v.  219 

Training, iii.  874 

Transfusion  of  blood,.  .L  97-99,  v.  461 

Transudation, ii.606 

influence  of  pressure  in  the 

blood-vessels  upon, ii.  506 

influence  of  the  constitution 

of  the  blood  upon, ii.  606 

distinction    from    secretion, 

iii.     84 
Transversalis,  action  of,  in  respi- 
ration,   i.  888 

Trapezius,  action  of,  in  respiration, 

i.  879 
Triangularis  stcmi,  action  of,  in 

respiration, i.  887 

Trichina  spiralis, ii.     73 

Trifacial  nerve, iv.  184 

physiological  anatomy  of,.iv.  184 

(jrasserian  ganglion  of,...iv.  186 

properties  and  functions  of, 

iv.  189 

division   of,   in  the   cranial 

cavity, iv.  190 

immediate  effects  of  division 

of, iv.  192 

exquisite  sensibility  of,.,  .iv.  193 

remote  effects  of  division  of, 

iv.  196 
■         effects  of  division  of,  upon 

nutrition, iv.  198 

paralysis  of,  in  the  human 

subject, iv.  201 

Trigone, iii.  181 

Tripe, ii.     76 

Triphthongs, iii.  614 

Trochlearis  nerve  (see  patheticus), 

iv.  134 
Trophic  centres    and  nerves,  so 

called, iv.  441 

progressive    muscular  atro- 
phy,   iv.  443 

Tuber    annulare,  properties    and 
functions  of, iv.  898 
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Tuber  annulare,  alternate  paralysis 

in  lesions  of, iv.  147,  401 

Tubcreula  quadrigemina,  functions 

of, iv.  896 

extirpation  of, iv.  897 

action  of,  upon  the  iris,,  .iv.  898 

development  of, v.  400,  401 

Tunica  albuginea  testis, v.  315 

Tunica  Rujschiana, v.    48 

Tunica  Vaginalis  testis, v.  314,  423 

secretion  of, iit    44 

Tunica  vasculosa  (pia  mater)  tes- 
tis,  V.  816 

Turtles,  used  as  food, ii.     83 

Twins,  one  a  horse  and  the  other  a 

mule, V.  348 

one  a  white  child  and  the 

other  black, v.  848,  462 

one  male  and  the  other  fe- 
male,  V.  860 

— ^  can  two  beings  be  developed 

from  a  single  ovum  ? v.  451 

membranes  and  placenta  in 

cases  of, v.  461 

Siamese, v.  462 

Tympanum, v.  166 

membrane  of  (see  membrana 

tympani), v.  197 

development  of, v.  412,  413 


Umbilical  arteries, v. 

Umbilical  arteries  and  veins,  color 
of  blood  in, v. 

Umbilical  cord, v. 

valvular  folds  in  the  vessels 

of, V. 

Umbilical  hernia,  in  the  earlier  pe- 
riods of  foetal  life, v.  367, 

372, 

Umbilical  vein v.  434, 

Umbilical  vesicle, v. 

Umbilicus,  amniotic, v. 

inte-stiual, v. 

Umbo, V. 

Uraehus v.  373, 

Urates,  formation  of, iii. 

Urea,  presence  of,  in  the  lymph 
and  chvle, ii.  520,  628,  iii. 

accumulation  of,  in  the  cir- 
culation, after  removal  of  the 
kidneys iii.  25, 

I)r()portion  of,  in  the  renal 

artery  and  renal  vein, iii. 

presence   of,   in    the  blooil, 

after  tying  both  uruters, iii. 


432 

370  I 
372  ' 


406  ' 
443  I 
367  I 
363  I 
367  ' 
11>8 
405  ' 
202 


164 

163 
164 
167 


Urea,  situations  of,  in  the  econo- 
my,  iiL  194 

chemical  formula  of^ iiL   195 

synthesis  of, iii  195 

change  of,  into  carbonate  of 

ammonia, iiL   195 

crystals  of, UL  19« 

origin  of, iiL  19« 

allied  formation  of,  from 

other  excrementitious  matters, 

iiL  199 

daily  elimination  of, iiL  200 

influence  of  muscular  exer- 
cise upon  the  elimination   of^ 

iiL  226 
Ureters,  mucous   membrane    of^ 

iu.  49,  178 

anatomy  of, uL  178 

movements  of,  on  the  appli- 

cation  of  galvanism, iiL  1 82 

development  of, t.  424 

malformations  of, v.  424 

Urethra, iiL  182 

first  appearance  of, v.  4«>5 

glands  of, v.  822 

Uric  acid,  compounds  o^  in  the 

urine, iiL  2<X) 

daily  elimination  of, iiL  202 

Urina  potus,  urina  cibi,  and  urina 

sanguinis, iii.  224 

Urinary  apparatus,    development 

of, V.  424 

Urinary    passages,    anatomy    of, 

iiL  178 
Urine,  mechanism  of  the  formation 

of, m.  162 

influence  of  mental  emotions 

on  the  secretion  of, iiL  172 

influence    of   blood-pre^ure 

on  the  secretion  of, iiL   172 

influence  of   special  nerves 

on  the  secretion  of, iiL  173 

effects   of   irritation   of  the 

floor  of  the  fourth  ventricle  up- 
on the  secretion  of, iii    173 

arrest  of  the  secretion  of,  by 

division  of  the  spinal  cord,.  ..iii.   178 

effV'cts  of  division  of  all  the 

nerves  of  the  kidney  on  the  se- 
cretion of, iii.  1 74 

passage  into,  of  foreign  mat- 
ters from  the  blood, iii.  175 

constant  formation  of, iii.  175 

alternation  in  the  secretion 

of,  on  the  two  sides, iiu  176 
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Urine,   mechaniBm    of  the    dis- 
charge of, iiL  182 

general  properties  of,. .  •  .iil  187 

temperature  of, iiL  188 

quantity  of, iil  188 

specific  gravity  ot, iii,  189 

reaction  of, iii  189 

cause  of  acidity  of, iii.  191 

composition  of, iiL  19JL 

urea  of  (see  urea), iiL  194 

urates  of; iii.  200 

hippurates  of, iiL  202 

lactates  of, iiL  204 

inosates  o^ iiL  204 

creatine  and  creatinine  of,  iiL  204 

oxalate  of  lime  of, UL  208 

xanthine  of, iiL  209 

fatty  matter  of, iii.  210 

inorganic  constituents  of,..iiL  210 

chlorides  of, in.  211 

sulphates  of, iiL  218 

phosphates  of, iiL  218 

silicic  acid  of, iiL  216 

coloring  matter  and  mucus 

of, iiL  217 

gases  of, iii.  218 

variations  in  the  composition 

of; iiL  219 

variations  of,  with  age  and 

sex, iiL  220 

composition  of,  in  the  foetus, 

iiL  221 
variations  of,  at  diflferent  sea- 
sons and  at  different  periods  of 

the  day, iiL  222 

—  variations  of,  with  food,.  .iiL  223 
influence  of  muscular  exer- 
cise upon  the  composition  of,  iiL  226 

influence  of  mental  exertion 

upon  the  composition  of,. . .  .iii.  229 

influence  of  the  sympathetic 

system  upon, iv.  434 

Urrosacine, L     93 

Urrosacine,  urochrome,  urohaema- 

tine,  uroxanthine, iiL  217 

Uterus,  position  of, v.  267 

ligaments  of, v.  267 

form,  size,  and  weight  of,  .v.  279 

muscular  walls  of, . . ..  . .  .v.  280 

mucous  membrane  of, v.  282 

tubes,  or  glands  of, v.  282 

arbor  vifae  of, v.  288 

erectile  tissue  and  erection 

of, V.  284,  337 

sinuses  of, v.  285 


TAOt 

Uterus,  lymphatics  and  nerves  of,  v.  286 
chiUkges  in  the  mucous  mem- 
brane of;  during  menstruation,  v.  306 

regeneration  of  the  mucous 

membrane  of,  during  pregnancy, 

V.  876 

double, V.  847  (note),  422 

formation  of  the  round  liga- 
ment of, V.  424 

enlargement  of,  in  pregnan- 
cy,  V.  444 

condition  of  the  cervix  of,  in 

pregnancy, v.  444 

causes  of  contractions  of,  in 

parturition, v.  452 

contraction  of,  after  parturi- 
tion,  V.  453 

involution  of;  after  parturi- 
tion,  V.  453 

restoration  of  the   mucous 

membrane  of,  after  parturition, 

V.  454 

nerves  of, iv.  423 

movements  of,  produced  by 

irritation  of  the  cerebellum, .  .iv. 

363,  389 

Utricle  of  the  labyrinth, v.  214 

Uvea, V.  48,  51,  52 

Uvula, ii.  186 

action  of,  in  phonation,..  .iiL  508 

influence  of  the  facial  nerve 

upon  the  mdvemeuts  of, iv.  162 

Vagina, v.  267,  287 

sphincter  of, v.  287 

double, v.  347  (noteX  ^22 

Vagus  nerve  (see  pncumogastric), 

iv.  208 

Valsalva,  humor  of, v.  218 

Valves  of  the  veins,  discovery  of,  i.  172 
Valves  of  the  heart  (see  lieart), .  .L  181 
Valves  of  the  lymphatics,.  .iL  431,  438 

ValvulsB  conniventes, ii.  311 

development  of, v.  407 

Vas  aberrans  of  the  testicle,...  .v.  318 

Vas  deferens, v.  318 

development    of,    from    the 

duct  of  the  Wolffian  body,  v.  420, 423 
Vasa    deferentia,  movements  of, 
produced  by  irritation  of  the 

cerebellum, iv.  363 

Vasa  efferentia  of  the  testicle,,  .v.  316 

Vasa  recta  of  the  testicle, v.  316 

Vasa  vasorum, L  245 

Vasa  vorticosa,. v.    49 
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Vaso-motor  nerves, iv.  485 

derivation  of,  from  the  cere- 

bro-spinal  centres, iv.  486,  440 

Vater,  corpuscles  of, iv.    87 

Veins,  anatomy  of, i. .  801 

capacity  of, i.  802 

strength  of; i.  806 

valves  of, ..i.  808 

function  of  valves  of, u  326 

course  of  blood  in, i.  811 

pressure  of  blood  in, L  814 

rapidity  and  causes  of  circu- 
lation in, L  816 

influence  of  muscular  con- 
traction on  current  of  blood  in,.i.  817 

influence  of  aspiration  from 

the  thorax, L  819 

influence  of  gravitation,  L  824-330 

entrance  of  air  into, i.  328 

conditions  which  impede  the 

circulation  in, i.  328 

influence  of  expiration  on  the 

current  of  blood  in, i.  828 

Velum  interpositum, iv.  260 

Velum  palati, ii.  182 

action  of,  in  phonation, . .  .iii.  608 

Vena  innominata,  development  of, 

V.  435 
Venae  cavae,  development  of,  . .  .v.  434 

Venereal  orgasm, v.  335,  336,  340 

Venereal  sense, ^ v.     24 

Venison, ii.     74 

Venoms,  absorption  of, ii.  465 

non-absorption  of,  by  mu- 
cous membranes, iii.     67 

Venous  pulse, i.  313 

regurgitant, i.  329 

Venous  system,  development  of,  v.  434 

Ventricle,*  fourth, iv.  300,  403 

Ventricles  of  the  brain, iv.  412 

development  of, v.  401 

Verheyn,  stars  of, iii.  169 

Vermicelli, ii.     97 

Vemix  caseosa, iii.  67,  v.  397,  454 

composition  of, iii.     67 

microscopical  characters  of, 

iii.     68 

function  of, iii.     68 

Vertebral  column,  development  of, 

V.  396 

intervertebral  disks, v.  394 

Vertebral,  or  dorsal  plates, v.  390 

Vertigo,  in  cases  of  disease  of  tlie 
cerfbelhun  and  of  disease  of  the 
semicircular  canals, iv.  387 


Vesiculse  semlnales, ▼.  820 

fluid  of, Y.  824 

development  of, ▼.  428 

Vestibule  of  the  ear, v.  168,  214 

development  of, v.  408 

Vidian  nerve, iv.  420 

Villi  of  the  small  intestine,. . .  .iL  316 

contractions  of, iL  816 

lacteal  vessels  of, iL  817 

development  of, ▼.  407 

Viscera,  animal,  used  as  food,,  .ii.     76 

Visceral  arches  and  clefla, ▼.  411 

Visceral,  or  abdominal  plates,,  .v. 

891,  406,  411 
Vision,  general  considerations  of, 

T.     87 

area  of, v.  72,  86 

of  near  objects  through  a  pin- 
hole,  V.  110 

erect  impressions   produced 

by  images  inverted  on  the  ret- 
ina,  V.  116 

binocular, ▼.  117 

corresponding  points  in  the 

retma, v.  119 

monocular, t.   122 

duration  of  luminous  impres- 
sions,  V.  127 

time  necessary  for, v.   127 

Vitality, v.  461 

Vital  capacity  of  the  lungs, L  408 

Vital  point  in  the  medulla  oblon- 
gata,  iv.  410 

Vital  properties  of  organized  struct- 
ures,  L  18,  V.  255 

Vitelline  membrane  of  the  ovum,,  v.  289 

villositics  of, V.  861 

ViteUus, .  .V.  290 

deformation  and  gyration  of, 

V.  354 

change  in  the  appearance  of, 

after  fecundation, v.  855 

nucleus  of, v.  856 

segmentation  of, v.  356 

Vitreous  humor, v.     65 

development  of, v.  402 

hyaloid  membrane  of,'. . .  .v.     65 

Vocal  chords, iiL  492 

appearance  of,  during  phona- 
tion,...     iii.  499 

Vocal  organs,  physiological  anato- 
my of, iii.  491 

Voice, iii.  490 

mechanism  of  the  production 

of, iiL  497 
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Voice,  characters  of,  in  childhood, 

iiu  602 

range  of, iii.  508,  604 

different  kinds  of, iiL  504 

— —  action  of  the  intrinsic  mus- 
cles of  the  Urynx  m, iiL  605 

—  action  of  the  accessory  or- 
gans in, iiL  507 

action  of  the  trachea  in,.. iiL  607 

action  of  the  epiglottis  m, 

iii.  607 
action  of  the  velum  palati  in, 

iu.  608 

action  of  the  uvula  in,. .  .ilL  608 

action  of  the  tongue  in,.  ..iiL  608 

mechanism  of  ^e  different 

.registers  of^ iiL  609 

influence  of  the  spinal  acces- 
sory nerve  upon  (see  phonation), 

iv.  171 

—  influence  of  the  recurrent 
laryngeal  nerves  upon  (see  pho- 
nation),  iv.  221 

Vomiting, iL  297 

passive  condition  of  the  stom- 
ach in,  ii.  298 

action  of  the  diaphragm  and 

the  abdominal  muscles  in, ....  ii. 

299,  306 

from  a  pig's  bladder  substi- 
tuted for  the  stomach,  in  a  living 
animal, iL  299 

by  a  girl  after  destruction  of 

the  stomach  by  a  corrosive  poi- 
son,  ii.  801 

impossibility  of,  in  a  case  in 

which  the  stomach  was  extruded 
by  a  wound  in  the  abdomen, .  ii.  802 

action  of  the  oesophagus  in, 

ii.  808 

summary  of  the  act  of, . . .  ii.  804 

protection  of  the  glottis  and 

the  posterior  nares  in, iL  805 

ways  in  which  it  may  be  in- 
duced,'  iL  806 

Vowels,. .  ^ iii.  614 


FAfil 

Wagner,  corpuscles  of, iv.    89 

spot  of, V.  291 

Water,  as  a  proximate  principle,.L    30 
condition  of,  in  the  organ- 
ism,  L    80 

quantity  of,  in  different  parts 

(table), L    38 

entire    quantity  of,   in   the 

body, L    48 

origin,  discharge,  and  func- 
tion of, L     84 

as  a  drink, ii.  64,  101 

quantity  of,  necessary  to  nu- 
trition,  iL  124 

absorption  of,  by  the  lacteals, 

iL  446 
Watery  vapor,  exhalation  of,  in 

respiration, L  446 

Webster,  brain  of, iv.  848 

Weight,  appreciation  of, v.     16 

Wharton,  gelatine  of, v.  871 

Wheat, iL     90 

Wines, iL  111 

constituents  of, iL  112 

sparkling, iL  112 

of  the  United  States, iL  118 

Winking, v.  141 

Wolffian  bodies v.  891,  420 

ducts  of, V.  420 

development  of  ducts  of,  into 

the  vasa  defcrentia, v.  420,  428 

structure  of, v.  421 

disappearance  of, v.  422 

Woorara,  absorption  of, iL  466 

influence  of^  upon  the  motor 

nerves, iiL  464,  iv.  94 

Wrisberg,  nerve  of, iv.  146,  156 

ganglion  upon  the  root  of,.iv.  148 

Xanthine,  in  the  urine, iii.  209 

Yawning, L  896 

Yolk,  principal,  or  formative,.  ..v.  290 
Youth, V.  459 

Zone  of  Zinn, v.  49,  63 
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Dew  erery  year.  Those,  fbtffKfbm,  who  hsva  ftarmariy  Ibiteiied  to  my  leeliiTC*  on  tb««e>  stibje«tiii 
And  who  now  do  me  the  honor  to  reftd  thbi  rolatoe,  wLU  iKit  be  ftupfflwHl  to  find,  In  nuuy  p«r- 
tteahUB^  cha&gw  ta  pAthologlcA]  vlewi,  sind  often  bi  ihonjH'utlc^t  totehln^.  from  doelrtiaeo  bciilbiv 
tnotikited.    At  the  prettoitt  day,  tw  the  flrat  timt;  In  lht.>  hl^t^nr  of  tbtt  worid,  tbv  obfttetrlo  d*- 

pflrtment  »oeni»  to  be  nasamlirir  tt»  proper  posli  !■ * 't-lM'it  bnmrb  of  xnedLollia,  If  lt»  mak 

M  gxsdfld  by  Its  tmportsiiee  to  meiaU^  or  by  uul  cuJiurv  nsd  sblUty  reqalrtMl,  as 

eompsred  wltli  tbat  dunAaded  of  th»  pbyrielsfi  <  n.    A  man  msy  b««ome  euitQcDt  w 

s  pbytldiin,  and  yet  know  \f^'  >"  *f-  "*'  '  ^  '♦-+  ■  .  k.  ^  tacot^wnU  lad  dlattn^lsbcd 

tmgooii,  Slid  be  qolte  IgiMr  i  >.    Bui  no  one  qid  be  a  roAllgr 

Abie  obttetHolAO  uiUeAS  he  i  tba  gnatcr  iiiolad«A  tha  leai, 


obBtetrfes  sbooM  ruk  as  the  il..^^ .^ , 

On  Sea-sickness. 


By  FORDYCE  BARKER,  M.  D. 
1  ^.,  16B10.    B6  pp.    Fl«xiMo  Clotb,  76  centi. 

Reprints  from  the  Nur  Toek  Mtifi»:tt  JortJ? ai.  Ry  rn>3fl«>o  of  tl, 
Dumber  of  that  jooniAl  containing  the  pa|t»T,  U  \t  notv  prtsontfMl  m  h^n 
•erIptlooA  Added  ab  the  AaLbor  bss  found  atteftil  Id  relU'ving  the  soJhrla^  Is.^... 


D,  Appleton  Jb  Co*6  Medici  Publications, 


BAKNES. 

Obstetric  Operations,  including  the  Tr^atn 

of  Mmnioj^rhage. 

Bt  ROBERT  BARXES,  M,  0.,  P.  VL  C.  P.,  Londou, 

Obttotrie  FhjsScUo  to  Kod  Leettmir  on  Uidwiftrn-  wid  the  Diieue»  of  Womea  tad  Oblttvi  it 
St  Tbomaa'ft  Hoipltjd;  EzamliKsr  on  Mklwi  ferj'  to  the  Bora!  College 4C  PIqnteteari  tfti  •» 
tlM  Bojra]  CoUege  of  dafffeoDi;  fkunttttHy  QbaWtnc  PbjvtdAn  to  the  LoodoB  H  HipHal.  iftd 
kto  PhVaiclui  to  ttio  Eamnn  Utrlslan  of  tho  Royal  MftternJty  ChiuHlty. 

WITH  ADDITIONS^  by  BBNJAMIK  F.  DAWSON,  M,  D^ 

lAtt  LoGtiiT«r  o&  Utcdno  Putliolaffr  to  tho  ffadteal  Dep«rtTnLfit  of  the  tTntMrsity  of  If«v 
York ;  A»tsUnt  to  the  Clinical  Fro4^«Mr  <tf  Dkea««»  or  ChllUrrn  in  tb«  CbtJM  oT  Pttf^tcUam 
uA  8iifs«an&.  New  York ;  PhyslcbiD  for  this  Dteeut«A  of  ChUclnii  to  the  »¥m  ToflC  tHft- 
miuftiy;  Member  of  the  STew  Yorfc  Obstetrical  S«ctety,  of  the  Medical  Sodety  of  th« 
Coirntf  of  Now  York,  AtcL,  «t& 

Second  American  EdiUom.    1  ▼ol.,  avo.    603  p|>«   01oih«  ti.50. 

*'Sac^  A  wiirk  «a  Dr.  6iLriuia''6  vtaa  jrreatljr  aioedetL  U  Is  oalcaUtod  to  tlerale  th«  ;„^ 
of  the  obstetric  art  lo  this  counti^',  and  to  bo  of  great  acrrioo  to  tho  pracfltionier*— Znn  A 

Bellevue  and  Chanty  Hospital  Reports. 

The  volume  of  Bellevue  and  Charity  Hoapttcd 
for  1870,  containing  vcUwiMe  contributions  from 

ISAAC  E.  TJIYTX>R,  M.  D,  AUBTIN  FLDTT,  M.  D„  LEWIS  A.  SAYliE,  M-  D,  WIL- 
LIAM A  UAMMON^D,  M.  D^  T.  GAILLARD  THOMAS,  M.  D.,  FRAJfK  H.  IIAIUV 

TON,  M.  Dn  aad  oChef«. 

1  YoLi  8to.   Cloth,  McOOl 

"*  These  fnnUttttloxiA  are  the  most  Important,  a»  M>tr«rdft  motxmmtodaiioiui  ftir  palkMlft  1 
rarietj  of  caict  treated,  of  any  on  this  wndueot  and  are  sorfiofliied  by  boi  few  m  A*  woi 
The  fODtiemeo  coxuioeted  with  thom  aro  oekDowlodipBd  to  be  amvof?  the  ilrtt  tn  thefr  prolh 
■ad  tha  Tolmxie  U  aa  tmportaot  addition  to  the  prufeealaaal  tttermture  of  this  ovuHry.'^^i'^ 

BENNET. 

Winter  and  Spring  on  the  Shores  of 

the  MeMtcrranean  ;  or^  the  Riviera^  Mcntone^  ^^Mi 
Corsica^  Sicily^  Algeria^  Spain^  and  Biarritz^  as  Win- 
ter Climates, 

Br  J.  HENRY  BENNET,  M,  D., 

Member  of  t])i«  Koynl  OodciKi  of  Pb/ilelaiia,  I>DndoD ;  late  Phralalain-Aeooiicte«r  In  the  1 
Free  Hc^pitul ;  r>oetor  of  Madkiaa  of  Uie  ITnltrendtv  of  Pari*;  IbnoDrtr  ile«ir       "" 
to  tha  Farta  Hospttal  (ex-lstenadaa  BApltsox  de  P*r^%  ef& 

Thto  woric  cmbodlat  the  czpiiriesoo  of  tea  wintetrs  and  spHa^  pawed  by  Dr.  BsomI  oq  I 
■horat  of  tho  IfadlterTaiioan,  aod  eualalaa  mncb  v»laabi«  Informalloii  fbr  pbyil^tftt  111  rrljfl 
to  thai  bealtb-rostorisg^  cUmntt^  of  the  rv^rloas  ii««:rlb«d, 

1  vol.  iSmo.   631  pp,    ClotH,  i3.60. 

_  **]&iwed1ii9lj  readablo,  apart  flma  Ite  apodal  poimw*.  aod  weU  IIliiatMted.*'^J 
CbmmwviaL 

**  U  baa  a  mora  subataatial  raJa«  for  tli«  physlciai],  perhapa,  than  f  chuyi  or  wn^" 

fcatdn.    *    .    .    We  conunend  thla  brwik  to  oar  F^oders  as  a  volIl^  two  eanlui 

qpUlfloittoM— lttoatoi»oeeiU«rtaliil«gatidii^^  — ir*<— 


Z>*  Appieiofi  db   Co.^s  3fedieal  Puhiiaahm, 


BENNET. 
On  the  Treatment  of  Pulmonary  Con- 

mtrnptiony  by  Hygiene^    CUmatey  and  Medlcuie^  in  iU 

Connection  \tnth  Modem  Doctrines, 

Br  JAMES  HENBY  BENKET,  IL  D., 
ItaaSbrnt  of  the  Rcyil  CoUe^  of  Pbfilelftn».  I^ndoa :  Dueitit  of  M^dldae  of  tli«  TTntTcrftty  d 

PiirU,  eic^  etc. 

1  ToL,  thin  8yo.   CloUi,  $1.50, 

Att  Intwrt^tiBc"  itnd  fn^truc^tiTi?  work,  writteu  In  the  strong^  cleir,  ud  lndd  nuiiaer  whlcb 
d]  ,  nonfl  of  Dr.  Bennet  to  medtcftlorgvnftfallitor&ture. 

I  thtf  book  to  th(}  attentioD  of  idl^  Ibr  tta  mwcttcAl  rofDmon-scaM  v1<r«rB 
i  of  th«  scom^  of  all  tijispcrmba  dinulu,  foluionjtt^  ooaaiijiipyou." 
^l*€(nHf  JUruw  of  JiMicin^. 

BILLROTH, 

General  Surgical  Pathology  and  The- 

rapeulieSf  in  Fifty  Lectures,    A  T^t^took  for  Students 
and  P/iyttieians. 

By  Dft.  TBKODOR  BILLROTH. 

TranBlated  fironcL  the  Fifth  Genaan  Edition,  witti  the  special  peinnlaaion 

of  the  Author,  by 

CHARLES  E.  UACKLEY,  A.  M.,  M.  D., 

fivrgeon  to  the  New  York  Eyv  nnd  Kai*  ln(lno^ry;  Phplelun  to  the  Kow  York  Hoiplta]; 
Fclkjw  of  the  New  Tork  Academjr  of  Mcfiliclne,  etc 

1  voL,  8to.    714  pPm  and  ld2  Woodtmts.   €loth^  td.OO;  Sheep,  iB.OO. 

ProffeaBor  Tbcodw  Billroth,  ont'  of  the  mo«t  DotM  iatJiortti»?»  on  Surgical  Patbolopj-,  givei  Is 
this  TOfiune  A  complete  rtnum^  of  vbe  Axtating  ttMta  of  knowJclffu  In  thin  bmticb  of  medical 
erionro.  The  flfcctof  tli1i»  publfc^tton  fink>LQj;  tbroagU  four  «dJtloiiB  In  GemiAoy,  and  haritig  been 
tnnilftted  Enco  FbnDch,  ttalLuL,  UumIaii,  and  Hun^uten,  Ahould  be  fomo  j^nflrantet"  for  lit  Aliiodlng. 

"  The  want  of  a  book  In  th*  Eoj^llAb  UintrnJMrv,  prewsottnu"  in  a  rN.rji  l^^  f.irTu  tiu'  rW-ws.  of  tliA 
GertriAit  pjatholo^lstit^  hus  lirnjf  biNSS  fclt;  rtnd  we  v<>ntojt'  ■  rt^jr 

itippijr  that  want  thfln  the  praseat  vplaaic.  .  .  ,  Wewoui  who 

iakt>  iny  Loterest  tn  the  pro^nNW  of  thoQirht  imd  obMrmtloij  i ,  ^  ^try,** 

^  We  can  aMvn  oar  reader*  that  tliey  win  consider  a«it]>te  tacojof  wnfted  Ici  Iti  purdiMei 
oor  time  In  Its  pemial."— rA<  Jti^Ucnl  InrtJstigittor. 

CARPENTER 
Principles   of   Mental   Physiology,  wuh 

their  Applications  to  the  Training  and  JJisciplhw  of  tfte 
Mhid  and  the  Study  of  its  Morbid  CondittofUL 

Br  \NT»,  B.  CABPENTER,  M,  V    U    U    )\  R,  S.,  F,  L,  S,,  F.  0.  B., 

Eefrtftntr  of  th#  PnlrtPfJly  of  Looflon ;  (.'orr 
of  the  xixiierlciu}  Pbll 

^  Amoiir  tlie  nTuncrooA  en^itent  writrr      ! 
of  pntioc  for  bavin i;  attempted  to  apply  tl  i     i 

*»f' .,».,.-!  ^.,*^ '' rh«  mtnd  ukI 

i,  1  ondof  bAri 

t  mder  th«  Urn 


I 


.tit>er  of  tliA  ImllCaUs  of  France  and 

'  ty.  rtc,  ff«!, 

<D0  are  more  dei«rTlni^ 
wTvh.  to  till?  eTiibmatton 

...  K.  i..„,,a  »iio  merit  of 
loDAiloo  of 

V  .  .  .  Wo 

'^iffUlOQ  At 

^mBof  tbfl 


D.  Appleton  dk   Co.'s  Medical  PiOUeaHMA. 


COMBE, 

The  Management  of  Infancy,  PAy^o/oy^i 

cal    and   Moral.      Intended   chiefly  for    the    Vm    itf 
Parents, 

Bt  ANDREW  COMBE»  M.  D. 

BBViaBB  AlTD  EBITSI} 

Bt  Bib  JAMES  CLAEK,  K.  C.  B.,  M,  D.,  P.  R.  SL, 

Plijr>icbui-lii'urdliuir7  to  the  Qu««]l 


Fiift  American  from  tlie  Testli  Londos  £diti<m. 

CloUk.  $1.50. 


1  vi»l^  ISnio.    808  pp. 


Bttio  book  diduld  be  tr*  tlie  Ix&inX  at  mmr  motber  of  a  Aonilj:  woU,  tf  mbciI 
IUmt  tobur  op  tbdrcfalldfnlijtfaBl|^hf«il 


to  the  poor 


of  oar  tady  frtsodt  wool  J  tnoater  iLi  c 

its  teochtiqcft,  or  commtuiicfttc  tlie  tnti 

we  m  ooiivtDoad  ttist  tb«]r  wouM  etf^r^  in(in»  _ 

number  of  tneti  wbalerer  .  .  .  W«  coiui>Hr  (.hi*  w<nk  lb  be  one  of 'tbe  ifw  oopolv 

tMtrtlMt  tint  aaj  prtctltkMker  mir  raoonnaaid  to  hit  pfttlakt»;  And,  tboofii,  IT  Jlc  Pf*c 

fottoWed,  b«  win  iirobtUf  lotc  »  nw  falnitti^  bo  wfU  oaf 


be  poor  bf  whocB  tluj  ar*  mnirt 
food  tbaa  by  tte  di»tifb«tios  if  ■ 
to  be  oneof  tbe  ifw  popolv  mnH 


children  grow  op  healt 


7,  icttTo,  ctmagf  uid  both  moiti 


„    tbosQ  ^  be  •Me^bSTSteSS^ 
uad  pbjrioiJlQr  eipeblft.**— n* 


CHAUVEATT. 

The    Comparative    Anatomy   of    the 

Domesticated  Animals, 

Bt  a.  CHACTEAU, 

nomaom  at  tos  i^Toira  TmzKorAar  sosool* 

fltocmd  edition,  reri»ed  and  enlar^,  with  the  coDpemdoa  of  8.  AKLOTKd^^ 
kto  Frfncip*!  of  Anatomv  at  the  Lyotui  Yeierintry  Svhool ;  I'VofdMorr  at  ilw  1 
TottlOQflc  Vewrinary  School.     Translated  and  edited  by  GEORGE  FLEMIKO, 
P.  E.  G,  S.,  M.  A,  I.,  YeiertnArj  Surgeon,  Rojal  EDgineers* 

t  YOU  Bto,    Clotli,   957  pp.,  with  460  mnfltraUODJ.   Price,  $0.00. 


OPINIONS   OF  THE   PRESS, 

**TUm  b  a  TaloaMe  work,  w^U  eoioe«ti«d  apd  won  em^eatod  br  the  tuthota,  MIC  Cheats 
nd  Atktog,  KDd  well  tranabtad  bj  Mr.  fleoillif .  It  la  ntber  •ur|>ri>liit  bow  A»w  wtata 
to  ac^  laniuaK^  bi  wbScb  the  Biiatoiiijr  of  the  oonunooer  atamala,  docoetik  rad  otb»« 
■iTenwtthaDf  approach  to  deitaU.  ejatemaUe  wnrlct  tberearelnibuDdaaee,  bo^ff  thecl 
be  daetaooB  of  aBetsrtalidiis  aaf  parlicalar  poloV  nusb  m  tho  fMnttion  and  tiaiwJxa  * 
pooBOooinetiie  or  lympaUim  aBrrea^  or  fho  bonualosne  of  a  gfvrn  ftmeelo  th  aavcMl  dtt 
ankmalm  lie  may  Marcb  ail  day  «vw  be  And  It  Tfae  work  beteo  vi  appoin  to  b«  wtD  «' 
meattbitdiaeiilty. 

^llie  llhifttnitioiia an  ▼ery  miiDMOoa,  iod  Mr.  flamlaff  liaa  latRMlaoed  a la^ra  mn 
an  not  cootained  tn  tbe  oriiKbial  work. 

^TkklQg  It  altoiretb«r«  the  book  fa  a  vary  valeonw  addition  to  Cn^Hdi  tttnaCiiM,! 
oodlt  U  doe  to  Mr.  FlemtDK  for  tbe  e<oeIleDc«of  tbe  traaalatiosi,  aad  tbe  many  ■'^'*W1"fW^ 
baa  appoDdad  to  Chan? eau  t  tittHae^'^'Lamnit  (JLoa^oM). 

''Tfia  want  Of  a  l^gft-book  on  tbe  Ootnpanttfa  Anatooiy  of  tbo  DooMotSeatod  Anlnnb  \ 
koff  been  felt.  .  ,  .  Tbe  deacriptlona  of  tbe  taxt  are  OhuitTated  and  aaaUied  by  no  lam  fl 
■■eellnit  woodenta.  In  a  work  wbkb  nnnea  ofci*  ao  vaat  a  field  of  inntoinka)  daiiO  i 
eer^tioii,  it  to  dUBeolt  to  aelect  any  one  poittoo  Ibr  rtvkw,  bat  our  aramJiialiiin  of  ft  afta 
to  tpmik  tB  bigh  tcnna  of  ttt  merol  azocOanea.  .  .  .  Tbe  eare  and  atinatton  with  vbld^  1 
wy  baa  been  enltlfated  on  the  Continent  ara  IDnalnted  by  amnr  paga  In  M.  Gbnvn 
Trrfffn/  TT-nffrinif  ffr^fff  (ItmtTimj. 


J>.  Appleion  S   Co.^s  Medical  Publication$. 


DAVia 

Conservative  SnVg&ry^aa exhmtedinrmsdymg 
some  of  the  MecJianimL  Cau8es  that  operate  mjuri- 
ousIt/  both  in  ffeaUh  andl^isease.    With  IUnstration&. 

By  HENEY  G.  DAYIS,  M.  D., 

If  omber  of  thfl  Amorleaa  M^dJoal  AjMooUtloii,  ot6^  «<». 

1  ToL^  8to.    315  pp*   Cbth,  $3.00. 

The  author  has  enjoyed  rare  facilities  for  the  stody  and  treatment 
of  certain  classes  of  disease,  and  the  records  here  presented  to  the  pro- 
fesdoa  are  the  gradoal  accumulation  of  over  thirty  years^  investigation- 

^*  Dr.  Daria,  bringing,  ii£  he  does  to  liis  flpecinlty,  a  great  aptitude  for  tha 
solution  of  mechanical  problems,  takes  a  high  rank  as  an  orthtipedic  surgeon, 
and  hia  very  practical  contribation  to  the  literature  of  the  subject  is  both  valu- 
able and  opportune.  We  deem  it  worthy  of  a  place  In  every  physician's  library. 
The  style  is  unpretending,  bat  trenohaiit,  graphic,  and,  best  of  all,  qmite  intelU- 
gible."— J/«fi(ra/  IUcor<i 

The  Cerebral  Convolutions  of  Man, 

represented  dccording  to  Personal  Investi^fations^  ea- 
pedally  on  their  Development  in  the  FoituSj  and  toith 
reference  to  the  Use  of  Phi/sioians. 

By  ALEXANDER  ECKER, 

Profeiaor  of  Axmtiomy  iind  Compnrttiro  Ajintomy  La  tho  tTatTentty  of  ^ratb'mf • 

TranalatfKl  frova  the  QernLan  by  Bobert  T.  EdeSi  M.  B. 

1  vol.,  8vo.    87  pp.    $1.35. 

*'  The  work  of  Prof.  EoVer  is  noUceablo  principally  for  its  snccuiotness  and 
cleameas,  avoid tng  long  dtseussions  on  andeetded  points,  and  yet  sufficiently 
furnished  with  refereooes  to  make  easy  Ita  eompamon  with  the  labors  of  oth- 
ers in  tbe  tjame  direction. 

"  Entire  originality  in  descriptive  anatomy  U  out  of  the  question,  but  the 
fketa  verified  by  our  author  arc  here  presented  in  a  more  intelligible  mannor 
than  in  any  other  easily-accessible  work. 

"  The  knowledge  to  be  derived  from  this  work  is  not  furnished  by  any  other 
^teit-book  In  the  English  language.^* — Botion  M^tal  and  Sttrpeat  Jom^al^ 
/annary  90,  18t3. 


ELLIOT. 

Obstetric  Clinia  a  Practical  CorUribuHon  to  am\ 
Study  of  Obstetrics^  and  tlic  DUeases  of  Women  and^ 
Children. 

Bj  the  kte  GEORGE  T.  ELLIOT,  M.  D., 

HeOkilOoD^e:  PhjrsteHn  to  BeOenu  ¥      '    "      -       ' 

Ca(itfititltiiffjPtifildiai  to  the  Himaij  uid  < 
Wooiui's  Homltal  t  ComiVpOQdliic^  Mindkir  of  tJto  1 
Bojnl  Acadttmj  o^  IUT»Dft;  Fellow  of  the  H.  T. 

I  ToL,  Sto.    ^a  pp.    CloUu  14.90. 

Thia  work  is,  in  a  measore,  a  ritunU  of  iieparate  p&pers  pr—       ' 
prepared  hj  the  late  Dr.  Elliot ;  and  oontiuna^  iMemdes^  a  record 
two  hundred  important  and  difficult  cases  in  midwlferj,  aeleettr^^  im-ili 
his  own  practice.    It  had  met  with  a  hearty  reception^  and  has  receiTed 
the  highest  encomiums  both  in  this  ooantrj  and  in  Europe. 

^7%« ToluDs  tij  Dr.  EUlot  hu  Actraeljr  km  Tilae^  tboa^  in  &  ifflteeat  dlracttan,  fbaoi  Itet 
of  the  Edinboigli  pli]rftletiia  (Dr.  Doneui, '  EMeanhm  In  Olistatxta  "y^LanetL 

**Tber«l*iu»  book  in  Amorioui  ototatrittl  tttci»fiaz»  fluit  ■ttrptiiMW  this  dna."—  ^ttmlm^^ 
M6di6aiJ(mmaL 

''  Itoiiglit  totto  In  Hie  bands  of  «vei7  pmetlttqaar  at  wSAwiSmf  tn  Ihi  mnntn'-*'— -At^lfia 
jr«(f  tooX  a«i(f  Sur^Ual  Javmat, 

'^  tt  bii  DO  «qiuJ  In  tbd  En«llili  kagtuiffl,  m  rasirds  dtixlal  iMtnicliaB  in  iilwSiiitB  ^ 

FLINT. 
Manual  of  Chemical  Examination  of 

the  Urine  in  Disease,       With  Brief  Directions  for  ihs 

Mcamination  of  the  most  Common  Varieties  of  VHmuy 

Calctili, 

Br  AUSTIN  FLINT,  Ja.,  H  D,, 

PtoftMQrrorinij^lok)g7sadMk!xtMeo|>f  i&tlielkDo^  mio««rii* 

X«w  ITofk  AatAemf  of  Modidtw ;  Meab«r  of  the  ModteiJ  Socletf  of  iJie  Onmtr  of  W^m 
York ;  Resident  M««abor  of  Um  Ljoemn  at  IfAtnnl  Iflslocy  In  the  Gtqr  of  K«ir  Toik,  «Ib. 

TiLird  Editiom,  rerised  and  oomoted.   1  tqI.*  Itnuw   77  pp.  Cl«th,  tLOO. 

The  chief  aim  of  this  little  work  U  to  enable  the  hnsj  praetitioirar  (^ 
moke  for  himself,  rapitlly  and  easily,  all  ordinary  ei&minations  of  Uriil«; 
10  gire  him  the  benefit  of  the  author's  experience  in  eliminatinf  littlo 
dimculties  In  the  manipolations,  and  in  redocing  proeeaee^  of  aiialyid# 
to  the  utmost  simplieity  that  is  consistent  with  accuracy, 

**WQdonotkni^orwwocklBEiifilahMComplat»iaidhiodrM  tb»  lluial  oov  ««Pi4 
to  the  prafeMlni  bj  Dr.  Ffint,  md  t&Thlfta  wdlmUSb  wpttt***"  of  ^^  Mrtbor  1»  •  MtteliM 
IMnuilM  of  the  moauaef  otMH  tbo  dInetltfM  glrtaiC—J^ttmai  itf  AfipH^d  CkmUa^. 

**  Wc  en  nabadtatiiigty  nooDuooid  thlt  MmiuL^— /^ydlatogiogl  i/Svvntai 


2>*  Appietan  S  Co^s  Medical  Puhlicaiions, 


FLINT. 
The  Physiology  of  Man.     Dm^fn^dtorejh 

resent  the  MdsHng  State  of  Physwiogical  Scier^ce  04 
applied  to  the  Functions  of  the  Suman  JBody, 

By  AUSTIN  FLINT,  Jr^  VL  D., 

Ptnlbuar  of  YhpMo^  aad  MteraKopr  In  tfao  B«U«ffm  Botpitil  MwUeal  Gottog^  uii  to  ttk« 
I>on^  bkod  CoOwo  Hospital ;  Fellow  of  the  Now  York  Academ/  of  Medidna ;  IdoOiOOSllI 
to  BaDomii  HiMpuBl, 

In  Kvo  YolTimai.   8vo,   TlnUd  PEpsr, 

Volume!- — The  Blo^id ;  Circulation;  MespiraUon^ 

8to.    502  pp,    GotlL,  $4.90. 

"If  the  remammg  portions  of  this  work  tre  oomplled  with  the  BJtme  care  and 
MOnncjt  the  whole  iDaj  vie  with  any  of  those  that  nave  of  Irite  jears  been  pro- 
duced in  our  own  or  in  foreign  languages." — Britinh  and  Foreujfn  Medko^Ckirurffi- 

« JU  a  book  of  genenil  information  it  wiU  be  found  usefbl  to  the  praotUloner, 
and,  as  a  book  or  reference,  inraluablo  in  the  handa  of  the  anatomial  and  phjsi. 
ologiat*"— i>uWm  Quarterly  Joumid  of  MtdUal  SHme^ 

**  The  complete  work  will  prore  a  valuable  addition  to  our  sjvtematic  treatlMi 
00  human  phjaiology." — The  LaneeL 

"  To  those  who  desire  to  get  in  one  ToTuine  a  ooocim  and  dear,  and  at  the 
same  time  BttflScicntly  fill!  rfmim^  of  *thc  existing  state  of  physiological  science^' 
we  can  heartily  reoommcnd  Dr.  Flint's  work.  Moreover,  as  a  work  of  typographi- 
cal art  it  deserves  a  prominent  place  upon  our  library<flhelvea.  Messrs.  Appleton 
k  Co.  desetre  the  thanks  of  the  profession  for  the  very  handsome  style  in  which 
they  iasae  medical  works.  They  give  us  hope  of  a  time  when  It  will  be  very 
generally  believed  by  pubUshers  thai  physioSaiia'  eyes  are  worth  saving.*' — Medi^ 
tat  O&KUe, 

Volume     n,  —  Alimentiition  ;   Digestion  /   Ahsarp^ion  / 
J/ymph  and  Chyle, 

8m    666  pp.    Cloth,  $4.50, 

**  The  second  instalment  of  this  work  fulfils  all  the  expectations  raised  by  the 
perusal  of  the  ftret.  .  .  .  The  author's  expknations  and  deductions  bear 
evidence  of  much  careful  reflection  and  study,  ...  The  entire  work  is  one 
of  rare  mtcrest  The  aathor^a  style  is  as  clear  and  concise  as  his  method  Is 
•tudioua,  careful,  and  elaborate." — Phitaddphia  Inqmrer, 

'*  We  regard  the  two  treatises  already  leaned  as  the  very  best  on  human  physi- 
ology which  the  English  or  any  other  longua^  affords,  and  we  recommend  them 
with  thorough  confidence  to  students,  practitioners*  and  laymen,  as  models  of 
literary  and  scientific  ability."— X  Y.  Medical  Journal, 

'•  We  have  found  the  style  easy,  lucid,  and  at  the  same  time  terse.  The  prac- 
tical and  positive  results  of  physiological  invcetigation  are  succinctly  ^^^^ 
without,  it  would  seem,  extended  discussion  of  disputed  poinla.** — Bc§ton  JMicai 
and  Suri^cal  Joumai. 

"  It  \%  a  volume  which  wHl  be  welcome  to  the  advanced  student,  and  as  a 
work  of  reference.'^ —  Tht  LanceL 

**  The  leading  sul^ects  treated  of  are  presented  in  distinct  parts,  each  of  which 
I  rb  doiraMd  to  bo  an  exhaustive  easay  on  that  to  which  it  refers." — W&Kem  Jqut* 
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Flint's  Physiology,  volume  ni.-';<ecretion ;  JSe- 
cretion/  Ihtctlesi  Glands;  NtUrition;  Anitnal  Seai ; 
MmmittUa ;   Voice  and  Speech* 

Bto.  5S6  pp.  CloUi,  tcsa. 

'*  Dr.  FliDt*s  repatatloo  b  aufficient  to  give  a  diaracter  to  the  book  siiKiiig  U» 
profestiioD,  where  it  will  chiefly  circulate,  and  niBny  of  thd  f»cii  gnen  Imve  bei 
venfied  b;  the  author  in  bia  kbonitor;  and  in  public  deDiOiiilritioik.**-^OIie% 
C&urifr, 

**  The  author  bcistows  judicious  care  and  labor.    Facia  are  telectcd  with  dis- 
crimination, thtorles  critically  ejamioed,  and  conclosionf  eoanciatcd  witb  con 
mendable  climniesA  and  prccision.^^^ — Amerieatt  Journal  of  (he  Medical  ScuHemi 

Yoluine  IV. — The  Ifervous  Si/stem. 

This  Tolume  embodies  the  results  of  exhauatiTe  study,  aod  of  a  lon^  and 
laborioiis  aeriea  of  experiments,  presented  in  a  njaoner  remarkable  fbrito  itowugUi  j 
and  clearneaa.  No  other  department  of  phyBiology  baa  »o  profound  an  inteTest ' 
for  the  modem  and  progresslTe  phygiciau  n&  that  pertaining  to  the  nenrou4 
ajBtem.  The  diseases  of  this  system  are  now  engaging  the  study  and  attentioB 
of  some  of  the  greatest  minds  in  the  medical  world,  and  in  order  lo  follow  their 
brilliant  diMcovertes  and  developments,  especially  in  connection  with  the  scieaioe 
of  elcctrology,  it  is  absolutt^ly  necessary  to  obtain  a  dear  and  settled  knowledge 
of  the  anatomy  and  phyt^iology  of  the  nervous  system.  It  is  the  design  of  thi/t 
work  to  impart  that  knowledge  free  from  the  perplexing  speculations  and  uneer* 
tatnttes  that  have  no  real  value  for  the  practical  6tud<.'at  of  medicine.  Tlie 
author  boldly  tests  every  theory  for  hlm«ol^  and  asks  hia  readers  to  accept  noth- 
ing UiBi  h  not  capable  of  demonstration.  The  properties  of  the  cvrebro-«ptDal, 
nervous,  and  sympathetic  systems  are  treated  of  in  a  manner  at  ouce  lucid, 
thorough,  and  interesting. 

Although  t)iL4  volume  is  one,  perhaps  the  most  important  one,  of  the  atttbor^s 
admirable  series  in  the  Physiology  of  Man,  it  is  nevertheless  oomplete  In  itself 
and  may  be  safely  pmnounced  indijipensnble  to  every  physician  who  takee  &  prid# 
and  interest  in  the  progress  of  medical  science. 

Volume  V. — Special  Sensee;  Generation, 

Bto.   Clotli,  $4,60. 

*^  The  present  volume  completes  the  ta^k,  begun  eleven  years  ago,  of  prtp^ri^ 
a  work,  intended  to  represent  the  exii»ting  et&te  of  physiological  science,  ss  flL|i- 
plied  to  the  functions  of  the  human  body.  The  kindly  reception  which  the  fir^t 
four  volumes  have  received  has  done  much  to  susUun  the  author  hi  an  under* 
taking,  the  magnitude  of  which  he  has  appreciated  more  and  more  as  the  worit 
has  progressed. 

"  In  the  fifth  and  last  volume,  an  attempt  has  been  made  to  dve  a  clear  accouni 
of  the  physiology  of  the  special  senses  and  genemtion,  a  most  mfflcmlt  and  doliesii 
undertaking.  .  .  . 

"Finally,  as  regards  the  laft,  as  well  ns  the  former  volumes,  the  author  can 
only  say  that  he  has  spared  neither  time  nor  labtir  in  their  preparation ;  :uid  the 
imperfections  in  their  execution  have  been  due  to  deficiency  in  ability  «nd  oppor- 
tunity, lie  indulges  tlic  hope,  however,  that  he  has  written  a  book  which  may 
assist  bis  fellow- workers,  and  interest,  not  only  the  studeJit  and  practitionivr  of 
medicine,  but  j^ome  othen*  who  dcjtire  to  keep  (mce  witb  the  progfesa  of  Naturmt 
BQienct,'*'^£xtra<^  frooi  Pre/ace, 
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FLINT. 
On  the  Physiological  Effects  of  Severe 

and  Protracted  Muscular  JSbercUe.   With  Special  ref- 
erence to  its  Influence  upon  the  &eoretion  of  Nitrogeti. 

By  AUSTIN  FLINT,  Jb.,  M,  D.» 
Fkoftitor  of  Fliyilolof  jr  Lo  t2io  BeUortiB  H««p4Ul  Medical  Collego,  N«w  York,  etcu,  «ta 

1  Tol.|  8to.   91  pp.   CloUi,  ifi.OO. 

Thif  moDo^npb  on  ttiA  ivktioiit  of  ni««  to  JbconlM  !■  the  ratalt  of  a  thoroorb  and  canlhl 
biTMtiffatloii  mndii  In  the  otse  of  Mr.  Edward  Biysoo  We»toti,  the  eolebnted  pedoetriia. 
The  chemical  antljrsei  were  made  under  the  dJfvctloD  of  E.  0.  Doremofl^  M.  D^  Profeisor  of 
Ohenititiy  nsd  Tozlookitgy  In  tbo  BoUevae  Hospital  Medical  OoDege,  bj  Mr.  Oeoar  Loow«  hla 
BMlftant  The  obeerfationi  wars  made  with  the  ooopozaUon  of  J.  a  I>aUoii,  M.  D^  Prolyl  Mr 
of  Physiology  Id  the  CoDege  of  PhyftloljuiB  aad  eurgeout;  Alexaoder  B.  Mott«  M.  D^  PlofeM- 
or  of  Snrgkal  AuAtomy ;  W.  E.  V«ei  Biiz«ti,  M.  D^  Proibeior  of  Piiodptot  of  Sarfwy;  Aitstlii 
FUst,  M.  D^  ProfBwor  of  the  PHjiclptet  ind  Practice  of  Medtdue;  W.  A.  Haiiunond,  M.  D., 
Profbisor  of  Dtaeaoei  of  the  Mind  and  Nurvoua  SjBtem— aU  of  tho  Bollortie  Eoepltal  Hodloal 
College. 

"  ThU  work  will  be  Ibtiod  lotereittng  to  e?i!f7  phjrdcSafL  A  number  of  Intpoftaat  ratoitf 
wen  obtaliMMl  vftluahle  to  the  phjr«lok>glBt*^<— Otnoinnolif  M«dieal  Reptrtoff* 

HAMILTON. 
Clinical  ElectrO'Therapeutics.    {Medieai 

and  SnrgicaL)    A  Ifanual  far  Phym.cianB  for  the 
Treatfuent  more  especmlly  of  Nervous  IHseaees^ 
By  ALLAN  MoLANE  HAMILTON^  H.  D,» 

Pbytlclao  In  chargv  of  tho  Hew  York  Stat«  IToBDita]  for  DUeasoe  of  the  Nervoiu  Bytt«ni ; 
Member  of  the  New  York  Keorologicil  and  Coonty  Modloal  Sodetiei,  «le^  ete. 

mth  BnmeroiiB  llliutrfttioni.   1  voL,  8yo.   GlotlL   Ftiet,  iS.OO, 

This  work  1«  the  complktioD  of  wett-tHcd  nio«#ur«B  and  reported  eeaeat  and  la  Intended  aa 

I  itmple  gnlde  fbr  Che  geocnU  practitioner.    It  la  ae  free  from  oonl^tslag  theories,  technical 

\  and  unproYed  atatementa,  m  possible.   Eloctrldty  ii  Indonod  M  a  rwy  ▼alnablo  remedy 

'  In  oertain  dtMatee^  and  ae  lut  Uiralnabla  thftrapeQ£l<»l  oieua  lo  neariy  afl  fbrme  of  Nsmvotrt 

DitKiaa ;  but  not  ae  a  epcdflo  fbr  orory  hniuan  01,  OMsatal  and  pbyilcaL 

HAMMOND. 

Insanity  in   its    Relations  to  Crime. 

A  Text  and  a  Cofmmentary, 

By  WILLLVM  A.  HAMMOND,  M.  D. 
ITOL   6to.   77  pp.   Cloth,  iLOO. 

"A  part  of  thla  eaanr,  nnder  the  title  *Sodet3r  i9#r«M«  Innalty/  waa  contrCboted  to  Ryi^ 

■m'e  Maqaa^'n*^,  fir  September.  1^0.   The  greater  portloo  U  now  fint  pqbliilifld.    The  \m- 

'  ljBfti»ne  of  th    '-"  -•  -nnaldered  can  Maroeljr  be  orer-eetlmeted,  whether  we  nig«rd  It  froni 

■m  iiuid-poi;  >r  tootal  6oaooni7j  aad.  If  I  have  elded  In  Ita  eluddiCloii,  mj  object 

wU  have  bet  i.  —Ftmn  Awihor'9  rr^fitj^. 
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HAMMOND. 
A  Treatise  on  Diseases  of  the  Nervous 

System, 

By  WILLIAM  A,  HAMMOND,  MB., 

Pnkwuff  of  DiMiMt  of  the  Mtnd  md  Karooi  Sntem,  ud  of  Clinical  MwUdfiA.  la  the  Btlktram 
HMptti]  HfldkAl  C^egtt;  Pl)7ilelHB-tii<lilB3r  to  tlM  Netr  York  Stotv  HofplUl  fbr  DImmm 
of  Um  Notoils  Sfstmn.  «tew  ece. 

Fonrni  mm<m,  kbtimmd  astd  oorkbctbik 
With  Fortj-fiTfi  miutratiom.   1  toL,  9t9,  TAO  pp.   doth,  $5,00, 

The  treatise  embraces  an  mtrodactorj  chapter,  which  relates  to  ihis 
(nfltramenta  and  apparatriB  employed  in  the  diagnoeia  and  treatment  of 
diseases  of  the  nenroos  system,  and  five  aeotiona.  Of  these,  the  first 
Ireata  of  diseases  of  the  brain ;  the  second,  diseaaea  of  the  apinal  cord ; 
the  third,  eerebro-spinal  diaeaaea ;  the  fonrth,  diaeaaea  of  nerreHsella ; 
and  the  fifth,  diseases  of  the  peripheral  nerrea.  One  feature  irhich  may 
be  claimed  for  the  work  is,  that  it  reatif  to  &  great  extent,  npon  the  per- 
sonal observation  and  experieDoe  of  the  author,  and  ia  therefore  do  man 
compilation. 

This  work  is  already  universally  popular  with  the  profession ;  their 

appreciation  of  it  may  be  evidenced  by  the  fact  that  within  two  yeATt 

it  has  reached  the  fourth  edition. 

'*  ThBt  m  troAtiM  V  Prot  Hammond  wofold  be  tme  of  b  high  ordor  wii  wbtt  w«  iotfeiMMi 
and  It  Aflbrds  tu  plcMure  to  stAto  tb»i  ottr  AnddpAUoiu  hAve  bean  reoHiad.**— dblMiMMil 
Medical  BtptHor^, 

»ThlA  U  mtcinetymiBblr  fba  moit  oompteto  tivAtlso  on  tbe  dlteiMt  to  «tleb  It  to  4«wMi4 
ChAt  hAa  yet  appeAred  Id  tbe  EnsllAh  lAOffiugA ;  And  Ita  rAloe  Ia  raneh  IntTAiAirt  bj  Kho  ImS  Ihii 
Br.  UAmmotid  bAa  ixudAly  bosea  it  odi  ma  owa  Axpttieaoe  Aod  pdradLloet  wblch.  wo  o«cd  }mi4fy 
nmUHl  oar  rcAdcra,  hAvo  been  rtrj  •xUs^rc'^^London  MbmocU  TImm  ana  Gaadte. 

*^  F^^e  from  oioleaA  rarblAffe  And  obAcurttf,  tt  li  ^TiAxmttj  tb«  wott:  of  a  man  who  l3M«i 
whAt  he  U  wrfdng  aboat»  and  Imowt  bow  to  write  About  iL^-^CTkice^it  Medioai  JiH»r%aL 

" ThiA  ia  A  TAlnAbla  Aod  comprebftiiBlre  bo^lk;  It  AmbnoM  niAor  topiea,  tod  extmili  ot«r  m 
wld«apbenu  Oiieor  the  iiKiat  yAltmbkpArtaof  tttvlaletto  tbe  DiAoueAof  tbeBnIa;  wMs 
die  f«iiifl|iiii|^  portion  of  tbe  ToliUDe  treata  of  the  IMAettaoa  of  the  SptaiAl  Carl  th«  Qotilii^' 
■piDAl  BjAlom,  tbe  Herro-Celli,  AOd  tbe  Per!pb«r«l  2f  erreA.''— JHIM  JVecMtef  /oi«nMi4        f 

**Tbfl  work  befbre  tii  ts  iiaqtiAfttSoiiAblv  tbo  mo«t  tfthBOSttro  treotiae,  on  tbo  itJinAaM  t» 
wbleb  Jt  la  devoted,  thftt  Iiab  7c4  Appe«re(f  tn  Eaglliih.  AjmI  tt«  dl«tineHTe  taIoa  atIam  9imsk 
tli«  ftct  that  tbe  wwk  la  do  mere  rafieiam*nto  of  old  obeetiAUo&a.  bot  rcat»  oa  biA  own  #x« 
perientfo  Aod  prActlce,  whicb,  as  we  bATe  before  obeenied,  baiTO  benn  Tery  ejteoftlTc'^— Jiiml 
can  Jourmti  qf  SyjMiloQraphy, 

**  Tbe  SQtbor  of  tbis  work  baa  attoliied  a  bteb  rAnk  among'  OQr  bretlutin  wenm  tbo  Aflutte 
IhRO  prertona  Ubon  In  coonectioo  witb  tbe  dtoocden  of  tbo  norroiiA  mteni,  oa  well  ao  inm 
nrioua  otber  eontribatlana  to  medical  Utentiuot  aod  be  now  boUa  tbo  fimebd  appolotnooU  of 
PbyAldan  to  tbe  New  York  Btate  Hoepftal  for  DlAeoaee  of  tbe  Rcrrou  Sjitom,  And  Pitoftneaf 
of  tbe  teme  dopAKtmeiit  In  tbe  BeHeTve  HoepltAl  Medical  Ooflego.  Tlb»  praaeot  treetiso  la  tho 
fruH  of  tbo  experloooe  tboa  acqatred,  and  we  liATe  no  befUaHon  In  pnwOQadniff  it  a  moot  rala^ 
Able  addition  to  our  ^Titomattc  Y^antaamr^Glammc  Msdicai  JommaL 
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HOFFMANN. 
Manual  of  Chemical  Analysis,  a$  ap^Tiied 

to  the  Exnminatioji  of  Medicinal  Chemicals  and  their 
Preparatiofis.  A  Guide  for  tits  Dtterfnination  of  (heir 
Identity  and  Quality^  and  for  the  detection  of  Impuri- 
ties and  Adulterations.  For  tht  use  of  Pharnmceutists^ 
Physicians^  IhuggUts^  and  Manufacturing  Chemists^  and 
Phunnacmdical  and  Medical  JStudents, 

Bt  feed.  HOFFMAKN,  Phil.  D, 

Oiia  TOl.,  8yo«   Biolil7  Illuttrated.    Cloth.    Frioe,  13. 

iFKCiMxif  or  [i.tuarmATiaTfi. 

1^ 


"  prepftTpd  wnf^L,  nod  wnTI  up  tn  tl>#  m1»t!nfrf1ttt<'  of  both  tb«  wicnc* 
It  t»  ft  book  wbfch  win  flnd  iU  ptftiW  in  pvon,-  irmllrnl  mwl  pliar- 
'rary,  and  !■  a  safe  And  inntnictlve  jrulde  to  nn'^llfJiJ  fttndeot»«iMl 
:^^-AtiutHoan  JanrwU  of  Scitnc«  and  Art*, 

j.k  ba*  ftbv«d^  m«t  wtth  ir«iieTiil  a&d  unqvidllfM  ftppvo^ 
Ia  now  i>tiim;  w^koiuwi  «s  inw  of  (be  bent  ftu)  fPOflt  topoiiniLt  a^dltSou  to  modan  pbutojuwu* 
tlcal  Lltcmtnn?. 

Sead  for  dc^riptivo  circul&r     Addro«A 

D.  APPLETON  &  CO.,  549  &  551  Broadway,  N.  Y.  GHy. 
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HOLLAND, 

Recollections  of  Past  Life, 

Sy  am  HENRT  BO^IJiND,  Bart,  V.  I>.,  F.  a  &.«  K.  C  R,  «le., 
Freeldeat  of  the  BoTil  InsdtntlQD  of  Qreat  BrltAln,  FbjBk:kD4ii-0rdfiiAiT  to  Che  <tiaMa« 

etc,  etc 

1  ToL,  ISmo,  351  pp.   Prioe,  Clotli^  tlOQ. 

A.  very  entertain  tug*  uid  inffcroctliTe  narratiTe,  partAkln;;  «omewliAt  of  the  nftliir«  cf 
BDtobloi^Tapby  and  jet  distinct  from  It,  In  thif,  tlmt  it«  chief  object,  a«  aHeged  \if  lh« 
writer,  ta  not  ao  tnach  to  reootmt  th«  eToata  of  hit  own  lllK  ta  to  perfonu  tiie  office  of 
chronicler  for  othem  with  whom  he  cmme  In  oootact  and  was  lon^  acsodat^d. 

The  "  Life  of  Sir  Henry  Holland  *'  ta  one  to  be  recoUectod,  and  he  hai  not  emd  In  gt^ 
Ing  an  oaUlne  ot  It  to  tbe  pnblic'^— 7%i  Xoncif. 

'*  Hia  niemorf  wa»— la,  we  may  aay,  for  be  Is  11111  allre  and  to  poaaesatoo  of  all  hla 
ftenltlee — atorr^  with  rncollectioas  of  the  moet  eminent  men  and  women  of  thla  oen- 
tuiT.  ...  A  Hfe  exteodtoic  orf^r  &  period  of  efghty-foar  yeare^  and  paarad  io  the  laoai 
actffa  manner.  In  tbe  mldat  or  tbe  beat  eodcty*  wbfcb  tbe  world  baa  to  offer,  mtist  neoea- 
aarlly  be  fbU  of  alBj^olar  lnt«re«i;  and  Sir  Henry  Holland  tiae  fortnnati^lr  not  w&lu>d  lantU 
hit  memory  k»t  Ita  freahneaa  belbre  vecalUn^  some  of  the  Inddenta  in  W^^Tht  N^m 
York  lUnm. 

HOWE. 
Emergencies,  and  How  to  Treat  Them. 

The  JStiology^  Pathology^  and  Trtatment  of  AceidenU^ 
DUteoMS^  and  Cases  of  Poisoning^  urhich  demand 
Prompt  Attention.  Designed  for  Students  and  Prao 
titioners  of  Medicine, 

By  JOSEPH  W.  HOWE,  ILD,, 

^ytitiftfci  ptofbmor  of  finrgeg^  In  tiie  Medk^  Depertmeat  of  the  CoiTenlly  of  New  Totft  ; 

YUttDf  0iirgeoo  to  Charts  Hoqsital;  Fellow  of  tfaa  Hew  Tock  lisadauy 

of  Medldoe,  et&,  etc 

I  ToL,  8to.   Glotli,  $3.00. 

*"  ThU  work  hat  a  taking  titJe,  tad  waa  wrltteo  by  a  geoUemen  of  aekiHmlediad  ablia^*  l» 
im  a  Tcld  In  the  profeaelon,  ...  To  tbe  nnafml  practttioner  la  towtta,  vHbtfia,  ttd  la  ite 
ooonttr,  when  the  aid  and  motal  Bnpport  or  a  oooaoltatlon  oaiinoi  be  availed  o£  thto  velama 
wlO  be  Taoognlaed  as  a  Tahiabte  help.    We  oommead  It  to  the  pntBta\m^-Oi»eimfMH  L^mot  I 

"TUB  week  la  eartatnly  noveltn  cjuunctert  and  lis  naefalneas  and  aeofptabltltr  am  as  marked 
aa  lU  ooTellf*  .  .  .  Tbe  book  Lb  confldeiiUy  reeommeoded.**— AicAmMKt  aiMf  L^mUviO^  Mt€- 

**  Tbts  rolome  Isa  pnetkal  UlnatratiOB  of  the  poifttl^  side  of  ^  pbyaMaa'a  Ulh,  a  eoMtant 
nmlnifer  of  what  he  la  to  do  In  the  sodden  emergaiMles  wtaleh  fkvqnently  ooeor  la  pnetle». 
.  Tbe  author  wastes  no  words,  bat  dsTOtea  himself  to  tha  desfltlptkn  of  esfih  diSMMs  ea  If 
~     "  ~      ~      ~  IbOokwerBoommeodltmotthssrHtyto 


the  patient  wstamidsr  his  bands.    BMsase  It  ts  a  apod  boo 

die  Mtawiaaar^BMUMk  M«Ucai  and  asraUtd  Journal 

^Thls  work  bears  afSdanee  oif  a  tboroo^  p«aotleal  aeaoi 


«^Thls  work  bears  afldanee  of  a  tboroo^  p«aoaeal  aeaujiiatanes  wtui  tae  oimsivai  tif«n«aes 
of  the  pcoHMBloik.  Tim  aathor  seems  to  possess  a  pecmlar  aptitude  Itar  hnparHoF  la«tr«cd«a 
aa  wdl  aa  Jbr  slmpUMoig  tsdloos  detatla.  ...  A  oarelhl  penual  wUl  amply  repay  the  atadeat 


|»;*Jty 


sad  pmetttloBar.'  -^sw  York  M§i$o^  JimrML"^ 
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HUXLEY  AND  YOTTMANa 
The    Elements    of    Physiology    and 

Sygime.     With  Numerous  lllus^atiom. 

By  THOMAS  H.  HUXLEY,  LL.  D.,  F.  K,  8.,  and 
WILLIAM  JAY  Y0UMAN8,  iLD. 

Vow  and  Beyiftad  Sdltlan.   1  toL,  18iim.   CM)  pp»  $1.75, 

A  text-book  for  edncationd  inBtitutions,  and  a  valuable  elementary 
work  for  atudenU  of  medicine.  The  greater  portion  is  from  tbo  pen  of 
FrofeMor  Hnxlej,  adapted  bj  Dr,  Youinans  to  the  clreamstances  and 
roqnireraents  of  Ameiioan  edaoatioa.  The  erament  claim  of  Professor 
Hnzlej^s  **  Elementary  Phjaiology  *^  b,  that^  while  tip  to  the  timea,  It 
is  trustworthy  in  its  presentation  of  the  subject ;  while  r^eoting  dis- 
oredited  doctrines  and  doubtful  specolations,  it  embodies  the  latest 
results  that  are  established,  and  represents  the  present  actual  state  of 
physiological  knowledge. 

**  A  Tihublt  eooMteUoo  to  aoatomloAl  tad  phjtfologtiaftl  •dtJUOA'^— i?^fiSoiii  TtUteept^. 
**  A  <ilMr  cod  waU^ttRBi^  woriL,  «inbncliig  thib  Ute»t  dltGorerlM  tad  iMvpled  th«OflM»** 

**Tbtni]]ig  wttb  tnftffinBtloii  ttmaaoAD^  the  liamaa  phjitonl  aooooQjr  "-^AmaIait  Jiomt' 


HITXLEY. 
The  Anatomy  of  Vertebrated  Animals. 

Bt  THOMAS  HENRY  HUXLEY,  LL.  D,,  F.  R.  S., 

Aatlior  of  •*Jiju^«  FUot  in  N«ttir«,"  ''On    the  Ort^  of  8p«d««»"  ^'L^  Swoiou  ifid 

AddroAMiL,"  «kL 

1  Td.,  12mo.   Oloth,  tS.OO. 

The  former  worka  of  Prof.  Huitej  leave  no  room  for  doubt  m  to  the  impor- 
tance Aud  value  of  his  new  volojue.  It  lb  ono  which  wilt  be  very  acceptAblo  to 
all  who  are  Interesied  tn  the  subject  of  which  it  treaU. 

'^Thli  loQr«sp«ofeid  woilt  will  b*  cdfdlaUf  w«tootn«d  bf  ftU  tlodrata  lad  tflaabtn  of  Oom- 
ptMtlTt  AnttkMity  at  a  oampflodtooi^  ivliilik,  and,  notwlthitaQdliiff  tts  •oiiU  dliii«iialoo«,  mod 
«iiiBpnbaiilT«  calda  oa  the  mi^$«t  of  wMoh  It  tiwti.  To  prmlM  or  to  oritlolte  tlM  work  of  lo 
•DQompllihfld  m  nftiter  of  bis  (brortta  aalbiioa  woold  bo  AqoaQy  oat  of  plaoB.  It  li  eoougb  to 
uf  tbsl  It  rmHuM,  in  a  reaurluiblo  dogrto^  tbo  ootldpatioiu  wblob  hoTo  b«en  form«d  of  It; 
ind  tbat  II  pntontt  an  osctroordbuuy  oombbutton of  wldo.  feoeral  rlowa,  with  the  deor,  oocn- 
titOk  ond  luodnol  lUtonient  of »  prodlgUmi  oombar  of  lndi?ldii»l  he^r^N*iiur«, 
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MAUDSLET. 
Responsibility  in  Mental  Diseases. 

bt  henry  maudsley,  m.  d.. 

FtoOow  of  tbe  Roysl  Collefe  of  Fhystolanfl,  ProflwBor  of  Medical  Juzlsprodtsiov  Ui  tTii: 

College,  Lou  dan,  etc^  etc    Author  of  "  Body  imd  Miod,"  "  Tiif^\oigy  ud  P^li«lo«7  «r  lli» 

1  T^p  ISmo,    313  pp,    Cl«Ui,  IL&O. 

"Thia  book  b  a  compact  preaenUticm  of  tbose  facto  uid  principles  whieb  re^ 

quire  to  be  taken  into  account  in  estimiitlng  human  re^onsibiliij — ^oot  t«g«l 
Ftf^poDsibUity  merely,  but  resportsibilrty  for  conduct  in  the  frnmily,  tbe  scbool,  ami 
all  phases  of  social  relation  in  which  obligation  enters  us  fto  element  The  work 
is  new  in  plan,  fini  was  written  to  ^pplj  a  widely 'fdt  want  vhkh  hai  not 
hitherto  been  met'*— TA*  FopuUar  JSeimce  Jfoitihly, 


MARKOE. 
A  Treatise  on  Diseases  of  the  Bones. 

By  THOMAS  M.  MARKOE,  M.  D., 
Prof4ia»ar  of  Bm^ry  In  tbo  Cclkge  of  Fhf  stctnoa  ud  Sarg«onA»  Now  Totk,  flti^ 

WITH  NUMEROUS   ILLUSTEATIONfl. 

1  TOL,  flTO.    Cloth,  $4.d0. 

This  Tftlfiable  work  is  a  treatl'^e  on  Diseases  of  the  Bones,  embracfag  th^ 
structural  chaogas  as  affected  bj  disease,  their  dinicd  hlstorj  and  treatment,  in« 
eluding  also  an  aooonnt  of  the  varions  tumors  which  grow  in  or  upon  Uiiitn.  None 
of  tbe  injuriei  of  bone  are  included  in  it!4  ficope^  and  no  jMnt  dlseasee*  €»qepling 
where  the  condition  of  tbe  bone  Is  a  prime  factor  in  the  problem  of  diacaaiu  Aa 
the  work  of  an  eroinent  surgeon  of  large  and  varied  experience,  it  may  be  ve^rdai 
as  the  be9t  on  tbe  subject,  and  a  viiluable  contribution  to  medical  licerainre. 

**Tbe  boolc  which  I  now  oObr  to  my  proHmionfll  hrrthnm  eontalAs  the  tatMrtane*  of  Qie 
iBBliirea  which  I  havt*  deHverod  dortnir  the  past  tw«lr«  yean  at  the  oorfd^e.  ,  .  .  I  ham  fbl]a««4 
tha  leadUigi  of  tny  own  stodles  and  obserratiooi,  dwafllaf  mm*  oo  tboM  bfWMibM  whara  I  Ikaft 
•e«n  and  studied  ttiast,  and  perhaps  too  maoh  iMgK^rfnj?  othcrB  >f here  my  own  aKp«rlaiic«  wwm 
more  hairetn.  and  thcnvforo  to  mo  Ian  latsrettlngr*  I  hire  cndcmvortHi  luywernr,  lo  maha  up  Iha 
daflcAeodcM  of  ray  owa  kzunrladge  \if  ^  tp^  ase  of  thc^  mAterljiIji  scacten^  fo  riehljr  mra!^ 
our  periodical  Utaratora,  which  aoattend  karea  It  \b  tbo  rtjrbt  and  th^  doty  of  tlM  ajiteaatia 
wiltar  to  ooDoct  and  to  ambody  lo  any  aoootut  he  may  olf^  of  tha  ataia  of  »  ttflaafia  it  mar  #rtvi«^ 
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MEYER 

Electricity  in  its  Relations  to  Practical 

Medicine, 

By  Be.   MORITZ  METER, 

E071I  CoujiMaor  of  Health,  «t& 

Tranalated  from  the  Third  Oenncm  Editloi^  with  Notes  and  Addltloins, 
A  N«w  and  Berlaed  Edition, 

By  WILLIAM  A.  HAMMOND,  M.  D., 
Pmf«sior  of  IMseases  of  the  MIM  and  NeffTooB  SjiteoL  ud  of  Cliakal  MedidJM,  la  the  BcOotim 
UoHDlul  ModtoBl  CoO^o;  Ykw-PreaMfint  of  Ihe  Aetd^mj  of  Umtal  &olioo«N  Ntdooal 
Ixi£dtut«  of  Letters,  Att^  utd  BdfiDOM;  kte  am^^eoa^eiiAni  U.  8.  JL^  «le. 

1  Tol.,  8vo.  497  Fp,  Clotli,  i4<(0. 
"  It  h  the  duty  of  every  physician  to  study  the  ftctioD  of  electricity, 
to  beoome  acquainted  with  its  value  in  therapeutica,  and  to  follow  the 
iiDproyemeDts  that  are  being  made  in  the  apparatQS  for  its  application  in 
nuKlicine,  that  he  may  be  able  to  ohoose  the  one  best  adapted  to  the 
treatment  of  individual  cases^  and  to  test  a  remedy  fairly  and  without 
prejudice,  which  already,  especially  in  nervona  diaeasea,  bos  been  used 
with  the  best  results,  and  which  promises  to  yield  an  abundant  harveft 
in  a  fltiU  broader  domain.'^ — From  Author^n  Fr^ace. 

mwcaart  or  nxirsTBjL'noiii, 


M 


\Mh 


**  Tboie  who  do  not  rwid  German  are  under  great  obligatlonfl  to  wmlaiD  A. 
Hftmmond^  irho  ha*  given  tbero  not  onW  an  eicellent  tnLnslation  of  a  moat  es> 
eellc^t  work,  but  ba«  jcnvcn  ua  much  vahioble  information  and  many  suggestioDS 
from  his  own  pirsonal  experi<»nco;" — Mffticai  Betvrd. 

"  Dr.  Moritz  Mover,  of  Berlin,  hn*  been  for  more  iban  twenty  yea«  »  laboriouM 
and  conscientious  student  of  the  appHcAtlon  of  electricity  to  practical  medkine, 
and  the  re@idt«  of  bis  labors  are  gi^^n  in  this  Tolume.  Dr.  Hammond,  in  making 
a  tmnBlation  of  the  third  Oerronn  edition,  Has  done  a  real  serrice  to  the  profession 
of  this  country  and  of  Great  Britain.  Plainly  and  conoirely  writtfin,  and  aimply 
and  clearly  airanped,  it  eontains  just  what  the  phyjician  wants  to  know  on  tha 
•nbject" — J^.  F.  JfWfiW  JaumaL 

"  It  is  degtined  to  fifl  a  want  long  felt  by  physiclims  in  this  country/*— /cwrn^l 
of  0^ftnr$, 
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NIEMEYER 
A  Text-Book  of  Practical   Medicine. 

WitA  Particular  Reference  to  Physiology  and  Pat/no- 
logical  Anatomy, 

By  the  late  Dr,  FELIX  VOK  NrEMEYEK, 
no>Mor  ol  FMlhologj  cad  Tbacmpeattct*  Dlrm^or  of  Um  M«dlail  CHiiie  oTUm  Unlwnl^  U 

Tran«lAted  from  tlie  Bi^hth  O^rmaji  Editioxi^  by  special  permiMsloa  of 

tbe  Author, 

By  GEORGE  K   HUMPURETS,   M.  D., 

t^A*  >ne  of  tb«  PbyfttdAzis  to  the  Bareso  of  Misdkml  Mid  Soiglfiil  BeEftf  tt  BatteviM  Bot^ttel  tm 
tbo  Oui-door  Poor ;  FaUDir  of  th«  New  York  Aoidta^  of  M«illfiiiit»  •«&, 

and 

CHARLES  K  HAOELEY,  M.  B., 

Ckn*  of  th*  Flmleiuu  to  the  New  York  Ilospltal;  oce  of  t2i«  Burgmms  to  tlie  Kw  Totfc  ] 
Aud  Ear  Inflrnurj;  FeQow  of  tlie  New  Torfc  Aoulfimf  of  MadHdiM^  «Ul 

Beyited  Edition.   3  toIi,,  870.    1,528  pp.   Clothe  $9.00 ;  SliMpi,  tlLOO. 

The  anthor  undertakes,  first,  to  give  a  picture  of  disease  which  shji 
he  us  lifelike  and  faithful  to  nature  as  possible,  instead  of  being  n  mere 
theoretical  acheme;  secondly,  bo  to  utilize  the  more  recent  advance 
of  pathological  anatomy,  physiology,,  and  physiological  chetiiistry,  as  1 
furnish  a  clearer  ii^ight  into  the  various  processes  of  disease. 

The  work  has  met  with  the  most  flattering  reception  and  deserved 
iucceas ;  has  been  adopted  as  a  tejct-book  in  many  of  the  medical  coUeget 
both  in  this  country  and  in  Europe;  and  has  received  the  very  higUosl. . 
encomiums  from  the  medical  and  secular  press. 

*'  It  is  oomprdienatTe  and  oonoise,  and  is  oharaotcrijEed  by  clearncM  and 
originality. "^ — ththlm  Quarterly  Journal  iyf  Medicine, 

"  Its  author  is  learned  in  medical  Htentttre ;  he  baa  anaagsd  his  malerialaj 
with  car«  and  judgment,  and  has  thought  over  tlieiii/*<~7^  LtmotL 

^*  As  A  fuU,  systematic,  and  thoroughly  practical  guide  for  the  ttudeol  1 
physician,  it  is  not  cjLceiled  by  any  similar  treatise  in  any  langoogeL" — AfftdL 
loumal, 

**  The  author  is  an  aooomplishcd  paibologisi  ind  praetioal  physician ;  b«  is  r , 
only  capable  of  appredating  the  new  disoovefiea,  whiob  during  the  last  ten  rtais'1 
have  been  onusoiJly  numcroua  and  importaol  In  ideatific  and  practical  medicmc^ 
but,  by  hla  clinicaJ  experience,  he  can  put  these  new  ^ews  to  a  practical  tesi;  aad 
pre  judgment  regarding  them." — JSdittbutffk  Jh^cd  Journal 

**  From  its  general  excellence,  we  are  disposed  to  think  that  it  wiU  soon  take 
Its  place  among  the  recognised  text-books,  "—^//t^HcaA  Quarlertjf  Joumat  t/ 
Medical  Sciences, 

"  The  first  inquiry  in  this  country  regarding  a  Oenuon  book  g'eneraUy  ia,  '  Is 
it  a  work  of  practical  value  ?  "  Without  stopping  to  consider  the  jtuitness  of  the 
American  idea  of  the  *  practical,*  we  con  unhesitatingly  answer,  *  It  is  t '  ^' — Xem 
York  Medical  J<mmal. 

**  The  author  has  the  power  of  sifViog  the  tares  from  the  whoai-^  matter  ef  | 
the  greatest  Importance  in  a  text-book  for  students*" — Britwh  Mmiteat  JfmmaL 

"Whatever  exalted  opinion  our  countrymen  may  hare  of  the  author's  taleml 
of  observation  and  his  practical  good  sense,  his  text-book  will  not  diaapp 
them,  while  those  who  are  so  unfortunate  as  to  know  him  only  by  name,  have  teJ 
store  a  rich  treat"— JVw  York  Medical  Eicord, 
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NEUMANN. 

Hand-Book  of  Skin   Diseases. 

By  Da.  ISIDOR  NETJMANN» 
Lecturer  on  Sldn  DlAt^Bei  in  tbo  Bojvl  Cai?enlty  of  Vleana. 

£r&nslated  ftom  advanoed  abeeta  of  the  aaoond  editioiL,  fturnlalied  by  t&a 

Author;  with  Ifotes, 

By  LUCIUS  D.  liULKLET.  A.  M.,  M.  D., 
Sorgeon  to  the  New  York  DUpensary.  Deimrtmcnt  of  Venereal  and  Skin  D[»e«««8 ;  A«iUt^ 
*nt  to  the  Slcln  CItnk  nf  the  Ctiilugfl  of  PhynidaTia  lud  Surgeoni,  New  York;  M«a^ 
berof  tbe  New  York  Dormatoloffical  Society,  elc.»  etc. 

1  ToL,  8vo.   About  450  pagei  and  66  Woodouta.    dotb,  »4.(NI. 

■FKOUHiy  OF  rLLtJBTaATlOKau 


IW^. 


Seetion  of  skin  fnna  a  bald  hefld. 

Prot  NeamAnn  nokB  second  only  to  Hehm,  wbiii^c  a^elstant  ho  was  for  niAuy  yetit 
and  hie  work  11UI7  bfl  considered  as  a  fiitT  fixponent  of  tbe  German  practice  of  Dertoatolo* 
gy«  The  book  te  abundantly  Uloitrated  vrltb  plates  of  tbe  htitology  and  pathology  of  tbe 
■kin.  Tbe  tranilator  has  ondeavorod,  l>y  tacAiis  of  notes  f^om  French,  English,  and  Amttl* 
can  fto<iree«,  to  maka  the  work  v^aloable  to  tbe  icadent  m  well  aa  to  tbe  practitioner. 

**It  If  a  work  which  I  sbaH  heartily  n^commend  to  my  clai*  of  ft^d^te  at  tbe  Univeiw 
alt?  of  PeansTlTADla^  and  one  which  1  f<?cl  enre  will  do  much  toward  enKghieolng  the  ptiy 
feeslun  on  thU  sobject."— Z«trf#  A.  Duhring. 

*»I  know  It  to  Imj  *  (food  book,  and  I  am  anro  that  U  it  well  tranelated:  and  It  li  Inter* 
eating  to  And  it  Lllaitrated  by  reiereceee  to  thje  Tlewn  of  co-l&borera  in  the  a&me  field.**— 

^*  So  complete  ae  to  render  U  a  mo»t  nitcftil  book  of  refcirenoe.**— 7!  McCaU  And&'won, 

"There  certainly  la  no  work  extant  which  deal^  ro  thorooitdy  with  ttie  Peibologteal 
Anatomy  of  the  Skin  aa  does  this  hand-book."— iV.  Y.  MedtcalRseord, 

''The  original  notci*  by  J>r.  Bulkli^jr  are  very  practical,  and  are  an  Important  adjanct  to 
the  t^tt.    .    »    .    I  anilcipatfl  for  It  a  wide  drcaiaiion.^*— ^rt#  Durkee,  BO'ton. 

**  I  hjiTe  already  twice  exnrc^i^eii  my  favorable  opinion  of  the  book  in  print,  and  am 
glad  that  It  U  given  to  the  paollc  at  taaf — Jtmief  C.  White,  Bt^on, 

'*More  than  two  veart  ago  we  noticed  Dr  Neomaon't  adraSmble  work  in  fta  orl^rlnal 
abape;  and  we  are  toprefore  abtolved  from  the  neceSBity  of  paying  more  thaa  to  repeat 
our  »tioo]?  reeommeadatlon  of  it  to  BngllKh  reader*.^'— />cK^/iORVr. 
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NEPTEL. 

Galvano-TherapeutlCS-    The  Physiological  and 

Tlierapeutical'  Action  of  the  Galvanic  Current  upoti 
ike  Amustic^  Optic^  Sympathetio^  and  Pnmimogastric 

By  WILLIAM  B,  FEFTEL. 
1  ToL,  121)10.  161  pp.  GloUi,  Sl.ftO. 
This  book  has  been  published  at  the  request  of  Beveral  anral  sur- 
geoDB  and  other  professioDal  gentlemeHj  and  Is  a  valuable  treatise  on 
the  subjeota  of  which  it  treats.  Its  author,  formerly  visiting  physician 
to  the  largest  hospital  of  St.  Petersburg,  baa  had  the  very  best  faciH* 
tit?a  for  inveatigation. 

"  Tbta  little  work  shows^  as  far  fbs  it  goes,  full  knowledge  of  what  has  beeo 
done  on  tlie  subjects  treated  of,  and  the  author'i  pcacticM  ficquaiataace  with 
them," — iVw  Y&rk  M^ical  Journal, 

"  Thoae  who  use  electricity  ahould  get  this  wo^  ftad  those  who  do  not 
•hould  peruse  it  to  leArn  that  there  is  one  more  tberapeutieat  agent  that  they 
could  and  should  possess/^ — Th«  Medical  Imusttigator, 

NIGHTIN&ALE. 
Notes  on  Nursing:  WhatUia.wndwkatUiswL 

By  FLORENCE  NIGHTINaALE. 
1  ToLp  12mo,  140  pp.  Cleth,  76  oonti. 
E very-day  sanitary  knowledge,  or  the  knowledge  of  nursing,  or,  in 
other  \rordfl,  of  how  to  ]iat  the  constitution  in  anoh  a  state  as  that  it  will 
have  no  diseaae  or  that  it  can  recover  from  disease,  takes  a  higher  plaoo. 
It  is  recognized  as  the  knowledge  which  every  one  ongfat  to  have— dis- 
tinct from  medical  knowledge,  which  only  a  profesdon  can  have, 

PEREIRA, 

Dr.    Pereiras    Elements   of   Materia 

Medina  and  Therapcutiof.  Ahndgcd  and  adapted 
for  the  Use  of  Medical  and  Pharmaceutical  Practi* 
tioners  and  Stndents,  and  ocmiprising  all  the  Medi- 
cines of  the  JSritlsh  Pkarmacopmia^  with  sitch  others 
as  are  fT^eqtienUy  ordered'  in  Prescriptions^  or  re" 
quired  hy  the  Physicicm. 

Edited  by  ROBERT  BE^^TLEY  and  THEOPniLUS  REDWOOD. 

Sew  Edition.    Brought  down  to  ia72.    1  toL,  Boy&l  8vo.   Glotli,  17.00; 
ih««p,  t%M. 
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NEUMANN. 

Hand- Book  of  Skin  Diseases. 

By  Dr.  ISIDOR  NEUEANN, 
Lectarer  on  Skin  Dtoeuea  fn  Ute  Boyil  UniTenity  ofTfeoiui. 

£raiiB&ated  &oia  advanced  aliests  of  the  seoond  edition,  ftmlshsd  by  tlw 
Author ;  with  Notes» 

By  LUCIUS  a  BULKLET,  A.  JL,  M.  B., 

Borgecinto  the  New  York  DIapodmit.  Depiu-tnieiii  of  Venereal  uid  Skin  DlftOAMtt ;  Aflslstr 
nnt  to  the  8Wo  CWvAc  of  the  Oouege  of  Phjifclane  tnd  Surgeonft,  New  York;  IImDp 
ber  of  tbe  New  York  Dennatologfcul  Sooietj,  etc,  eUi, 

1  vol.*  Sto.   About  450  pagei  and  66  Woodontf.    doth,  i4.<Klw 

nriontEN  or  iLUJVTaATxoHS. 


^-P 


Section  of  akin  ftam  »  bald  • 

Prof.  NenniADu  ranks  locond  oq]j  to  Hcbrn,  wbo^o  n^etiiAnt  bo  wns  for  mauy  yeatt 
aDd  bU  work  may  bo  coutidercd  te  a  (klr  exponent  of  the  QertnAJi  prftcllce  of  DarnMtolO^ 
gy.  The  book  It  abaDdeotlf  Ulattrnted  with  t>Ute«  of  tbu  h!ptoto^  and  pulholog-y  of  the 
skill.  The  tmntUtor  hat  endoarored,  by  meaDs  of  uotes  ttom  French,  EngHf b^  and  Ameri- 
can eonivei,  to  make  the  work  valnsble  to  the  etndeiit  a«  well  aa  to  the  practitioner. 

'*  It  la  a  work  which  I  ahafl  heartily  recommend  to  my  cites  of  stodenta  at  tlie  Vniveiw 
f  ItT  of  Peanffflvanla,  and  one  whlcb  I  feci  sare  will  do  mnch  toward  eatlghteohur  tbe  pro 
fesislon  on  thJe  enbjflct.''--ZoiiAv  JL  DvAring, 

**  I  know  It  to  be  a  i^ood  book,  and  I  am  miTe  that  tt  li  well  tranvlatad:  and  U  ts  Inters 
eetln^  to  find  it  illu«trated  by  references  to  the  Tiews  of  co-Iaborera  tn  the  same  field/'— 

**  So  complete  as  to  render  It  a  mo«t  nMftal  book  of  reference."— 7!  McCaU  AndenotL 

**  There  certainly  in  no  work  extant  which  denlt  fo  thorooghly  with  the  Fatholoflcal 
Anatomy  of  the  SklD  a«  do&t  IhU  hand-book/'^A^  F.  JtfMlcu^  Jweortf. 

**  The  original  nolei  hj  Dr.  Bnlkley  are  very  practical,  and  are  an  important  a4}abct  to 
the  text    ...    I  anticipate  for  It  a  wide  clfctt1atiuD."^^e»  Dvrkee.  m^^t^m. 

*'T  ba^e  already  twice  expressed  my  (hvorablo  optnion  of  the  book  in  prbit,  and  am 
glad  Ihat  It  Is  Btlren  to  the  public  at  [wV'^JamM  C.  WktU,  Boston. 

'*Mnfo  than  two  vchm  a^^o  wi?  nniiced  Dr.  Neamann's  Admirable  work  in  its  orlirlnal 
•bape;  and  we  arc  tbenforo  abnoircd  from  the  neretritr  of  paying  more  than  to  repetl 
oar  ttroog  reoommondatloD  of  it  to  Eng'tl^h  t«AAtt**^-'Practttkm«r, 
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SAYRE. 

A  Practical  Manual  on  the  Treatment 

of  Club-Fook 

Bj  LEWIS  A-   SATRK.  M.  0., 

PlroflbMor  of  Ordioptdle  Saxfeij  Id  BeUeTiie  Hcwpltal  Medkai  Ccilktf ;  SaiVMA  to  Wtllilli 
ftad  Ouvttj  Bo«piut&,  etc 

1  val.,  IS&mo.   Hew  and  Enlarged  Edition,   doth.    $1*00. 

"  The  object  of  this  work  ia  to  conyej,  in  as  concise  •  manner  as  possible, 

aft  the  prActJcal  information  and  instruction  neeessar]r  to  enable  th«  general 

practitioner  to  apply  thnt  p]an  of  treatment  which  has  beoi  s#  succesefbl  in  inj 

own  handA.'' — Fre/aee, 

"  Tb«  hook  win  TPTT  well  ntlfliy  th«  wooiti  of  the  iDa>>ritT  of  poMfBl  ] 
wbMe  use,  ai  lUted,  it  b  Inieadcd.'" — 3>ie  I'ort  Medical  Jo^rn^U. 


On  Foods. 


SMITH. 


By  EDWARD  gMTTH,  M.  D.,  LL.  B„  F.  R  FL, 

Fellcfw  of  the  EoitaI  CoDc^^  of  Pbrslfiuts  of  LODdoD,  ctOL^  «<& 

iTQl,,  12010.   Cloth.    Frioe,ilJ5. 

Since  the  issoe  of  the  ao thorns  work  on  "  Practical  Dleisrfi"  he  has 
felt  the  want  of  another,  which  woald  embrace  all  the  geoerallj'-kiiowii 
and  less'kiiowQ  fooda,  and  contain  the  latest  scientiOc  knowledge  re- 
speotinj?  them.  The  present  Tolnmo  is  intended  to  meet  this  want,  and 
will  be  found  nsefal  for  reference^  to  both  scientific  and  general  read- 
ers. The  atttbor  extends  the  ordinary  Tiew  of  foodft,  and  indndefl 
water  and  air,  since  the;  are  important  both  in  their  food  and  saaitArj 
a^ecta. 

STROUD. 

The  Physical  Cause  of  the  Death  of 

ChrwU  fi^<f  if^  /delation's  to  the  PrindpUs  and  Pr&o- 

tim  of  ChriHuinity. 

By   WILLIAM  STROUD,  M.  D, 

With  a  Letter  on  the  Snl^eet, 

By  Sir  JAMES  Y.  SIMPSON,   Bart.,M.D, 

I  TOiLt  ISmo.  428  pp*   Cloth,  $2.00. 

This  important  and  remarkable  book  is^  in  its  own  pUce,  a  masterpiece^  and 
win  be  considered  as  a  standard  work  for  nianj  veara  to  oone. 

The  prifiHp«1  point  tnj|sl«d  tipon  la  that  the  d«ftth  of  Cbi4»t  wu  (aiiis«d  hf  nmtora  or  laait^ 
atkin  of  the  heart.  Blr  Jatnee  Y,  Slmpaon,  wtio  bad  mjkl  tbe  aoUior'i  tmHea  m,  rwa^om  «0So> 
i»«itt»  OB  It  evprNnrd  Mmeeif  T«ry  potltitislj  hi  fiiror of  th«  Ttawa  aiaiBitaiaad  hy  Or.  tRnmA.* 
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SIMPSON. 
The  Posthumous  Works  of  Sir  James 

Young  Simpson^  Bart.,  M,  D.    Li  Three  Vblmnes. 

Volume  "L— Selected  Obstetrical  and  Gnoseological  Works  of 
Sir  Jaiqcs  Y.  SimpsoQf  Bart.,  M.  D.,  D.  C.  L.,  late  Professor  of  Midwifery 
in  the  University  of  Edinburgh.  Containing  the  substance  of  htfl  L«ct- 
ares  on  MidwiCury.  Edited  by  J.  Watt  Black,  A.  M.^  M*  D.»  Member  of 
the  Royal  OoUege  of  PhyaiciaaiS^  Londoa ;  Phypician- Accoucheur  to  Char- 
ing Cross  Hospital,  London ;  and  Lectuj  er  on  Midwifery  and  Diseases  of 
Women  and  Gbildren  in  the  Hospital  School  of  Medicine. 

1  yoU,  8vo»  852  pp.  Cloth,  $3,00, 
This  volame  contains  all  the  more  important  of  the  contribatione  of 
Sir  James  Y.  Simpson  to  the  study  of  obstetrics  and  diseases  of  women, 
with  the  exception  of  his  oUnicol  lectures  on  the  latter  subject,  which 
will  shortly  appear  in  a  separate  volume.  This  first  volume  contains 
many  of  the  papers  reprinted  from  his  Obstetric  Memoirs  and  Contri- 
butions, and  also  bis  Lecture  Notes,  now  published  for  the  first  time, 
containing  the  substance  of  the  practical  part  of  his  coarse  of  mid- 
wifery. It  is  a  volume  of  great  interest  to  the  profession,  and  a  fitting 
memorial  of  its  renowned  and  talented  author. 

*"  To  nuinj  of  our  roodcr*,  dOQMlMA»  tb«  chief  of  the  papm  It  contnlns  Arc  ftmUMr.  TV> 
others,  althoti^h  probably  tluij  may  bo  swiro  that  Sir  Jaoic*  i*tinp4on  haa  wrlttes  on  the  iub- 
j«cts,  tli«  papers  thomsalTet  idll  bo  new  aod  frftsh.  To  the  first  daft  w«  wouki  rammmeii^ 
thkfl  islUlon  uf  Sir  James  SlfQp«oo*0  works,  ss  a  Tsliiftblo  voluroe  of  roiterenot;  to  tine  ktt«r«  tt 
a  colU'ctUin  of  tbe  wofka  of  a  great  master  and  Improvci-  of  bis  art,  ihe  study  of  which  caimoc 
ttd\  to  niakd  them  better  prepared  to  moot  and  OTOrcomo  Its  difflcQltles.""— J/kf  ioo^  7¥»NMt  and 
OamfU. 

Volume   n* — Anasathesia^   Hospitalism^  etc      Edited  by  Sir 

Waltkr  SniTaoir,  Bart. 

1  vol.,  8to.    600  pp.    Cloth,  $3.00. 

•*  We  say  of  this,  ss  of  tli«  first  yolnmo,  that  tt  sbotild  GjuX  a  plooe  on  tb«  taUe  of  eroty 
praotltlonar:  Ibr,  tboui^b  tt  bi  patebwurk,  each  piece  may  be  ptcked  out  siid  studied  with  plaat- 
are  sod  proat"— TVka  Zanoaf  {London}, 

Volume  nL — The  Dinectses  of  Woffien,    Edited  by  Alex,  Suo?- 
BONf  H.  D.f  Professor  of  Midwift^ry  in  the  Umversity  of  Edinburgh* 
I  VOL,  8yo.    Cloth,  tS.OO, 
One  of  the  best  works  on  the  sabjcct  extiiat.    Of  Inestimable  Taliut  to  evevy  plijBkdia, 

SWETT. 
A  Treatise  on  the  Diseases  of  the  Chest 

Being  a  Course  of  Lectures  delivered'  at  the  J\[ew 
York  Hospital, 

^^  By  JOHN   A.    RWETT,  M.  D„ 

SBpiMor  of  tbo  lantittiles  and  Practloe  of  Medlrlne  Lu  tbo  Now  York  University ;  PhyiUlia 
'^^     to  tho  5ow  York  Ilospttal ;  Member  qf  tho  Now  Tork  Pstbologlcal  docioty. 

lrol.|fvo.   587  pp*   $8.50. 

CmbodSed  In  this  Tolume  of  leatttrei  is  the  experliiDeo  of  tao  ya«  la  bospltsJ  aod  pttma 
piS0ti9a* 
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SCHROEDER 
A   Manual  of  Midwifery,     ifuiuding  the 

Pathology  of  Pregnane}/  arid  the  Puerperal  State. 
By  Dr.  KARL  SCHROEDER. 

F^nAMor  of  llldwlf<^  and  Director  of  Uie  Ljlni^-ln  iDstttutloo  la  tbe  Uolrerftlty  of  ErlaD^eo, 

TrauBlAtad  from  tlie  Third  Qennaii  BdiUoii» 

Bj  OHAS.   H,  CARTER,  B.  A.,  M.  D.,  B.  S.  LoDd,, 

Hflonber  of  tbe  Royal  CoUe^  ol  FhyticUn*.  London,  oad  PhyalclAD  Aoooocheiir  to  8L  OeotgvX 
Huovw  oquaro,  DUpcoav^'. 

Witti  Twenty-iix  En^ftviikgs  on  Wood.    1  toLj  8to.    OlotlL 

"  The  tronftliitor  feds  tlut  no  ftpologr  \m  Deeded  Ld  offerings  to  tbo  profosalon  a  translatioiQ 
of  Bchrocder*a  M&ntULl  of  Midwifery.  Tbo  vrork  is  well  kLDOWB  Id  Qfennuif  uid  eJcten&lTely 
OMd  t  m  tert-book ;  it  hAB  already  reiclicd  a  thinl  ci^Utlon  witbtn  the  abort  tpuM  ^  two  yaat«, 
imd  it  li  hopcHl  that  th«  pre£>biit  tnuiBl&tloii  Mr  til  meet  the  want,  \oag  felt  Id  thlc  ooontrj,  of  • 
rouiiul  of  mlctwitaj  onibnclog  tbo  lataai  «d<»ntiflc  rotkuurdiM  oa  tb«  labjoct. 

TILT. 
A  Hand-Book  of  Uterine  Therapeu- 

tios  and  of  Diaeases  of  Women. 

By  EDWARD  JOHN  TILT,  M.  D., 

liember  of  the  Boral  CoHof^e  of  FbyElctADs;  Coosultkog  Phfildiaii  to  tbe  Farrio^oii  Genafal 
Dlipciuiiy ;  Fonow  of  tba  KoyftI  Medical  asd  Cblmislca]  BocLft^,  and  of  B6Y^  ErttMi 

1  ToL,  8vo,   940  pp.   GIoUl,  $3.50. 

8eQOod  Amenoan  edttioD,  thoroughly  rerisod  uid  am  ended. 

"  In  giving  tbe  reanlt  of  his  labon  to  the  profi^s&loD  tbe  aotbor  h&«  *1ono  u  trroat  work.  Our 
naden  will  find  Its  pages  rery  ioterestiti^,  and,  &t  the  ond  of  ttit>ir  Uksk^  wUl  foel  ]^tefiil  10 
tba  autbor  fbr  many  very  valuabla  sag^csdoai  as  to  the  trftatmeat  of  oLertno  dlaeoiMa.'^ — 73M 
Lnneet, 

<'Dt.  TUt'i  '  Hand-Book  of  Utcrfaie  Tberap«atica '  suppllct  a  wont  which  hwoftao  b««ii 
felt.  ...  It  mar.  thcrefiore,  b«  read  DOi  ODlir  with  pleasure  and  iustrac^Df  but  wffl  alio  bO 
rottnd  Tciy  Tiaoftil  as  a  book  of  reflntnoe.**— z^  N^idical  Mirror* 

"  Second  to  Doi]fe  on  tha  tberap^iutltia  of  atariae  dlaeoae.*'— Jbumol  t^  Ob^Ufria, 

VAN  BUREK 
Lectures  upon  Diseases  of  the  Rectum. 

Delivered  at  the  BeUmyim  Ifospital  Medical  College, 
Sesdon  of  1869-70. 

By  W.   a   VAN  BUREN,  M.  D., 
Pk«flBasor  of  the  IMndjilai  of  Surgery  with  XMaaasea  of  the  Genlt<>*UrtiiarT  0^ran^  etc.  In  tb« 
Bdlernv  Hoapital  Hedleal  Colk!««;  OM  Of  the  OoosnltiDg  Sumftons  of  th«  Nfw  York  Hoa- 
BelleTQe  Hotpltal ;  Membefr  of  the  I!rew  York  AcaA^juy  of  MedldiML  of  tb« 


pital,  of  tho 
Pktliokieteal 


Society  of  New  York,  eto^  etc 

1  vol.,  12xno.    164  pp.    Cloth,  il.50. 


"  It  leems  hardly  ntMNJ^saary  to  more  than  mention  the  name  of  tb«i  author  of  this  idmirabit 
Uttle  TQluroe  In  order  to  Insurfii  the  character  of  his  book.  No  one  In  thin  oountry  has  oi^yed 
ciYiit<>r  advantages,  and  had  a  mora  extenalre  field  of  o^baenrabon  In  thla  specialty,  than  Dr, 
Van  Burt'D,  and  00  OM  baa  Dald  the  oame  Bciiipi&»t  of  atfeeotloo  to  tbe  sul^je^  .  .  .  Hare  la  tbe 
eiportenoo  of  yenra  lumRiDd  up  and  gtven  to  the  piofMslODal  world  Id  a  plata  aod  ptacHnl 
\xmtimtT.'^^i*ttt€ki^ffical  Journal, 
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VAN  BUREN  AND  KEYEa 
A  Practical   Treatise  on  the  Surgical 

Diseases  of  the  Genito-  Urinary  Organs^  inchtding  Syphi- 
lis. Designed  as  a  Manual  for  Studemts  and  Practiiionr 
ers.      With  Mngravitigs  and  Cases,, 

By  W,  H,  van  B0KEN.  A.  M.,  M.  D., 

Ftolbiiflor  of  PHnctjctloa  of  6urir«nr,  vrltli  I>li«Mes  of  the  Gfitilto-rHDAry  Sjstom  and  CBnlCftl 

Sorgeiy,  in  fieOorud  Hospital  XIchUcaJ  CoDepe;  CoiuuJtlng  8iUK<M>n  to  tb«  N«w  York 

Uospttil,  th«  Charity  HoRpltal,  etc.;  vid 

K  L.  KEYE8;  A.  M.,  M.  D,, 

f^ofutor  of  1)«miatoloBr  Is  BeOonae  BoeplU)  If odical  CoUego :  Boiifooii  to  tb«  Cluvitx  HovoU 

til,  YeBiTMl  Dfrtilon ;  Cniimlttng  Dc>nB«t4>toflit  to  tb«  Bonuiii  of  Oui>Door  BaUcI; 

BcII«rao  Hotpital^  etc 

1  toIm  8ro.    ClotlL,  t5  00;  Shoep,  $6.00. 

This  work  is  really  a  compendium  of^  and  a  book  of  reference  to,  all  modern 
works  treating  in  any  waj  of  the  Burgic&l  drseaacs  of  the  gcnlto-urioary  organs. 
At  the  same  time,  do  other  single  1>{>ok  containjB  bo  large  an  array  of  original 
{nets  Goucemitig  the  daais  of  diaeases  with  which  it  dea]^.  Thos^  facta  are 
largely  dmwn  from  the  exteoBiTe  and  varied  experience  of  the  authors. 

Many  truportani  branches  of  geni to-urinary  diseaBes,  as  the  cutnneoiifl  mala- 
dies of  the  penis  and  aerotum,  ^LH^eiTe  a  thorough  and  exhamttive  treatment  tUat 
the  profeasiODol  reader  will  search  for  elsewhere  in  vnm. 

Both  to  the  specialist  and  the  general  practitioner  the  work  commends  itaelf 
afl  one  of  inestimable  value. 

The  work  Is  a  marrd  of  condaeness,  and  very  rarely  is  so  much  oondensa* 
ttoo  accomplbhed  without  loss  of  any  valuable  poinia  of  detail.  A  glance  at 
ihe  table  of  contents  will  give  an  idea  of  the  scope  of  the  volume,  but  only  a 
careful  perusal  of  the  work  will  courince  the  reader  that  full  justice  has  been 
done  to  all  the  various  branches  of  this  highlj-iuterestlng  claaa  of  diseases. 

The  work  is  elegantly  and  profusely  illustrated,  and  enriched  by  fitty-five 
original  cases,  sotting  forth  obscure  and  difficult  points  In  dinguoKis  and  treatment. 

*^  The  first  pttrt  is  devoted  to  the  Surgical  Diseases  of  the  Genito-Urinary 
Organs;  and  part  second  treats  of  Chancroid  and  Syphilis.  The  autfaore  *  ap- 
pear to  h&ve  Bucoeedcd  admirably  in  mving  to  the  world  an  exhaustive  and 
rdiable  treatise  on  this  important  class  of  diseases.*  *' — N^kwedem  Mtdie^d  and 
Surgical  Journal, 

'^^  It  Is  a  most  cr^mplfftc  digest  of  what  has  long  been  known,  and  of  what  has 
been  more  recently  discovered  in  the  field  of  syphilitic  and  genito-nrinary  dis- 
orders. It  is  perhftps  not  an  exuggeralion  to  say  that  no  single  work  upon  the 
same  subject  has  yet  appi^'ared,  in  this  or  any  foreign  languagCi  which  is  euperior 
to  it."— CTfCTi^o  Medical  ^umintrr, 

"  The  commanding  reputation  of  Dr.  Van  Buren  in  this  specialty  and  of  the 
great  school  and  hospital  from  which  he  has  drawn  his  clinical  materials,  together 
with  the  general  interest  which  attaches  to  the  subject- matter  itself,  will,  we 
tnist,  lead  very  many  of  those  for  whom  It  Is  our  office  to  cater,  to  possess  them- 
selves at  once  of  the  volume  and  form  their  own  oplnionji  of  its  merit." — Atlanta 
Medieat  and  Surgical  Journal 


J),  Appleton  db   Co.^b  Medicai  IStbliecOioni, 


VOGEL, 
A  Practical  Treatise  on  the  Diseases 

of  Children,  Secmid  American  from  tlis  Fmirth 
Germu/fi  IHUion,  Illustrated  hy  Sim  Litiioffraphia 
Plates. 


Bj  ALFRED  YOGEL,  M,  D., 

FtQl^a«ar  of  Cllaie*!  MedSdD*  In  Chd  Unlrenlty  of  Dorpftl^ 


TBAKSL4TSD  AND  KDtT£D  BT 

H.    RAPHAEL,    M.  D,, 

t^  Rtom*  Burgeon  to  BeOtroo  HosplUl ;  Fhyslctoa  to  the  Ewtent  Diaptntarf  Jbt  fb»  Dto«M« 
of  ChlldrGDi,  «tc^  etc 


1  ToLi  STf>.    011  pp.    GUth^  $4.60. 

Tbe  worlc  is  well  up  to  the  present  state  of  pnthobgical  knowledge; 
complete  without  unneoesaary  prolixity;  its  BymptoniBtologjr  accurate, 
evidently  the  result  of  careful  observation  of  a  competent  and  experi- 
enced clinical  practitioner.  The  diagnosla  and  differential  relntions  of 
diseases  to  each  other  are  accurately  described,  and  the  therapeutics 
judicious  and  discriminating.  All  polypharmacy  H  diacarded,  and  only 
the  remedies  which  appeared  useful  to  the  author  commended. 

It  contains  moch  that  must  gain  for  it  the  merited  praise  of  all  tm* 
partial  judges,  and  prove  it  to  be  an  invaluable  text-book  for  the  etu- 
dent  and  practitioner^  and  a  safe  and  useful  guide  in  the  difficult  but  all- 
importaut  department  of  Picdiatrioa. 

**  Rapidly  pissing  to  a  fonrth  edition  lu  Oermmn j,  and  translated  Into  three 
other  laoguageii,  America  now  has  the  credit  of  presenting  the  fir§t  English  ver- 
sion of  a  book  which  must  take  a  promioent,  if  not  the  leadin^^  position  amoDg 
works  devoted  to  this  clusa  of  disease."^ — N.  K  Medical  Journal 

"  The  profession  of  this  countrr  are  under  manj  obligatiODs  to  Dr,  Baphad 
for  bringing,  aa  be  has  do&%  this  trulj  valuable  work  to  their  Dotlce,'* — Mtdied 
JSMord. 

"The  translator  has  been  more  than  ordinarily  successful,  and  hia  labora 
have  pcBulted  In  what,  in  every  sense,  la  a  valuable  contribution  to  medicat 
■cience," — Ftychdogieai  J&utmI. 

"We  do  not  know  of  a  compact  text-book  on  the  diseaaea  of  children  more 
complete,  more  comprehensive,  more  replete  with  practical  remarks  and  aeientifie 
fact?,  more  in  keeping  with  the  devetopmeot  of  modem  medichie,  and  more 
worthy  of  the  aitcniioD  of  the  profession,  than  that  which  has  been  the  aubjeol 
of  our  rcroarka."— Jomitm/  of  Obtieirim, 


D.  Appkton  cfi   Co.^s  Medical  Publications, 
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WALTOK 
The  Mineral  Springs  of  the  United 

States  and  Canada^  with  Analyses  and  Notes  on  the 
Prominent  Spas  of  Ewrope^  and  a  LiM  of  Sea-side 
Hesorts.    An  enlarged  and  revised  edition. 

By  GEORGE  E.  WALTON,  M.D., 
LeotoMr  cm  MsterU  Bf  edlcn  In  the  MLunl  Medical  OoUage,  ClnelDiuti. 

1  ToL,  X9m(i.   880  pagoB^  with  Hapi.   Frioa,  $2.00. 

The  author  has  given  the  analyses  of  jUI  the  springs  in  this  country  and 
those  of  the  principal  European  spas,  reduced  to  a  nniforra  standard  of 
one  wine-pint,  so  that  they  may  readily  he  compared.  He  has  arranged 
the  springs  of  Amerioa  and  Europe  in  seven  distinot  cld.s6es,  and  de* 
Bcrihed  the  diseases  to  which  mineral  waters  are  adapted,  with  refer- 
ences to  the  class  of  waters  applicable  to  the  treatment^  and  the  pecnl- 
iar  charjiotijristics  of  each  spring  as  near  as  known  are  given^ — also,  the 
location,  mode  of  acceus,  and  post-office  address  of  every  spring  are  men- 
tioned.  In  addition,  he  has  described  the  various  kinds  of  baths  and 
the  appropriate  use  of  tbem  in  the  treAtment  of  disease. 

EXTRACTS  FBOM  OPIKIOKS  OF  THE  PKESS. 

'*  .  .  .  Precise  and  comprehensive,  presenting  not  only  reliable  anoJypcs  of 
the  waters,  but  their  therapeutic  value,  »o  that  physicians  can  hereafter  ndriae 
their  use  as  intelligeDtly  and  beneficially  as  tbcy  can  other  valuable  alleratire 
agents/ ' — Sanitaria  n, 

**  .  .  .  Will  tend  to  enlighten  both  the  profession  and  the  people  on  this 
question.'*— JVl  F.  Medical  Journal, 

*'  .  .  .  GontalQB  in  hrief  !;<pare  a  vast  amount  of  important  and  interesting 
matter,  well  arranged  and  well  presented.  Nearly  every  physician  needs  just 
such  a  Folnme." — RichwottJ  and  JLoui/nnfU  Mefitcal  JownaL 

*^  .  .  .  FUIfs  this  necessity  in  a  scientifle  and  pleasing  manner,  and  can  be  read 
with  advantage  by  the  physician  as  well  as  layman/* — Amarican  Jour.  o/OUtetrict. 


TTjlfiMiTT  or  TcBonn^  Juna  9,  tSTS. 

Gs!rrLncK?r ;  I  have  received  by  mail  a  copy  of  Dr,  Walton's  work  on  the 
Mineral  Springs  of  the  United  Siat^  and  Canada,  Be  pleased  to  aecept  my 
thanks  for  a  work  which  I  hare  been  eagerly  looking  for  ever  since  I  had  the 
pleasure  of  meeting  the  author  in  the  summer  of  1871.  He  satisfied  roe  that 
he  was  well  qualified  to  write  a  reliable  work  on  this  subject,  and  I  doubt  not 
he  has  met  my  expectations.  Such  a  work  was  greatly  needed,  and,  if  offered 
for  sole  at  the  principal  mineral  springs  of  the  eotmtry,  will,  I  believe,  com- 
tnand  a  ready  sale.    Very  respectfully  yours, 

J«  L.  CAan.^  IL  D. 
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WELLS. 
Diseases  of  the  Ovaries  ;  Timr  magruma 

wnd  Treatment 
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By  T.  8PEN0EK  WELI^, 

ell  of  tbii  BoTal  CoUegQ  of  Sarj^ons  of  Enirta^d ;  Hononrir  Ftltow 
s  OoQego  of 'Pbytidaiii  Id  Ireland;  SiirgwD  In  Ordinarr  to  Ch9 

r.'iOTii    m  thr- Snj^iiritin  T[i>st>itll  for  WoOOeD  ;    Mnrnh*>r  nf  tbo  Jui- 
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I  \'  of  Menie.1 1  :  !kiieoc« 

i  !lIelsiogfore ;  Ll.  .  .     .      .  How  of 


1  ToL,  Sto.   47a  pp.   IUiLstrftt«d.   Glotli,  Ptioe,  H.50. 

In  ]865  the  author  bsued  a  Toluroe  contamiDg  reports  of  one  bondred  aod 
foiirt<*cti  elites  of  Ovanotomy,  wlucb  was  little  more  than  i  simple  record  of 
facte.  Tbo  book  was  soon  out  of  print,  and^  though  repeat^^dly  askf^d  for  n 
new  edition,  the  author  was  unable  to  do  tnorc  than  prepare  papera  for  the 
Kojal  Mescal  and  (Jhirurgical  Society^  ai  series  after  aeries  of  a  hundred  cm&m 
uccumulaied.  On  the  completion  of  five  hundred  cases  he  embodied  the  resnlts 
in  the  prtjaent  volume,  an  entirely  new  work,  for  the  student  and  practitiooer, 
and  trusts  it  may  prove  acceptable  to  tbcra  and  useful  to  Bufl'ering  women. 

"  Arrangements  havo  been  made  for  the  publication  of  tJiis  volume  in  Loo* 
don  on  the  day  of  its  publication  m  New  York."  French  and  German  traiiiil»> 
tions  are  already  in  press. 


WAGFER 
A    Hand -book   of  Chemical    Tech- 

noloffy. 

By  RUDOLPH  WAGNER,  Ph.  D., 

Pyoftaaorof Obomteal  Technology  at  tlia  UniTeralty  of  WoitttnJiTt 

Translatod  and  edited,  ttcan.  tlie  eighth  Qerm&n  edition,  with  ext«nsl^v« 

addltionst 

By  WILUA^C  CROOKES,  F.  R.  S. 

Witk  336  IUiigtra.tioiis.   1  voht  8vo.   761  paget.  Clotli,  $&M, 
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NEW  MEDICAL  WORKS  IN  PRESS. 


Hand-Book  of  the  Histologry  and  Histo- 

GhemiBtry  of  Man.    By  Dr.  Hkinrich  Frxt,  of  Zurich.    lUuBtrated  with 
506  Woodcuts. 

Clinical   Lectures  on    Diseases  of  the 

Nervous  System.    Delivered  at  the  Bellevue  Hospital  Medical  College,  by 
Wm.  a.  Hammond,  M.  D.    Edited,  with  Notes,  by  T.  M.  B.  Gross,  H.  D. 

Acne  ;  its  Pathology,  Etiology,  Prognosis,  and  Treatment    By  L.  Duncan 
BuLKLET,  A.  M.,  M.  D.,  New  Tork  Hospital 

A  monograph  of  abont  Bereaty  pages,  Qluttrated,  founded  on  an  analyala  of  two  haadred 
eaaea  of  varloiu  forms  of  acne. 

Compendium  of  Children's  Diseases,  for 

Students  and  Physicians.    By  Dr.  John  Steinib. 

Diseases  of  the  Nerves  and  Spinal  Cord. 

By  Dr.  H.  Charlton  Bastian. 

D.  APPLETON  A  CO., 

649  &  651  BROADWAT,  NEW  TORK. 
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JAMES  B.  EUJ{TEE,  M.  D.,  Editor. 

Published  Monthly.   Volumes  begin  in  January  and  July, 


*'  Among  the  ntunoron*  recofda  of  M«llcln<f  uid  the  colbit4«n]  ftcloiKMn  pnUUiihcd  In  Aioatfei, 
the  nboTi'  J  >urTi  il  •>'  <m.i>'?  i  hif*b  pofitloii,  aad  deservedly  m>.''— ^'iA^  Ltintmf  iLowlOn), 

"Oof  '  K^arnnU,  bj-tbd-bf,  pcbU&h«d  oa  tbe  Aiii«ticHD  OcnttlMnt.**— £ci»- 

"ATiry  A'-^Lofidon  Medteal  M^lrror. 

^The  editor  aijil  LLv  txLiiribulcvni  mnlc  oinonfr  oqt  most  dlflttngiiifl1|«d  Riodlcal  men.  mtuA  i*aeb 
nmnber  cautidnf  maUcr  thai  dixM  boDur  tu  AtD«iiQaci  medlail  HUvstiirc'^— iiaitoft  JwrTtal  of 

"  Fall  of  valuabl*'  orlfftntil  papen^  aboimdlQir  In  Bei«ntiflc  Vi  /roj^  MMUml  TUnidi* 

**  We  kno'v  no  otlior  portoaicu  Ibat  vre  wtHud  rather  ])rt«i  i  ncn  of  Amatteui  ttHl 

and  LntuUigeiice  tbaD  tbe  New  Touc  Mzdical  Jouhwal.''—  .>^jaiMdr|r. 

TenuBj  $4  per  Annnm.    Specimen  Copie»i  2&  C^nts. 


THE  POPULAR  SCIENCE  MONTHLY. 

Conducted  by  Prof.  E.  L,  TOUMAJfS. 

Each  Number  contains  128  pagres,  with  numerous  Descriptive  and 
Attractive  Illustrations. 

Published  Monthly.   Volumes  begin  in  May  and  November. 

Terms^  $*>  per  Annam^  or  Fiftj  Cents  per  Number. 


Tom  Bopm»4»  ficidon  Mokthlt  wa^  staHod  to  pfomoto  the  dlffbcioii  of  TBliiablc 
knowledge;,  Id  m  readable  and  attractlTO  fvitn,  aoiong  all  oliM«a  of  tlui  eomni  unity,  aixd 
ilir  met  *  want  wtippKMl  by  no  other  period  leal  tn  the  UnltiKt  Bt«t<«, 

The  gT*-^-*  *•-.»..-  ./  «i — -  ,  ,(.,f,  \^  |]jj|t  fti  (wntants  are  not  whn*  —*  -  —  ■'  -*  *  • 
jesrs  dnr  rr^Ab  fh>m  Uia  studjr,  the  labor 

ckktbed  In  '-'^  Inri-niort,  and  sde&tt«tt  tht  i 

leading  mu.ar  •  -tny,  and  the  Tnltcd  Slat- 

ooTcring  tbe  w]j  rr^ca^  we  bavo  the  bitcat  i 

bert  Spencer,  ar  nil,  and  R.  A.  PrtHctor    "- 

a  irrttnVlTir  *"'  -.« . .  utiflc  progreM  and  onlrir-*";  .  .  • 

beilevea  U  lid  not  be  niflde  ony  tMui?  Sot  dry  study,  or*  (jKiy  i 

Tbe  pr  ttie  land  ia  warmly  coinineDdlng  IL    We  s^nbjoin  . 

tlHMOroc«.i<i..  ^i^^  I.. 

**  A  ^nmal  whkh  prornl^'4  in  be  of  emtncnt  Talud  to  tbe  cause  of  popular  edaaitl* 
ooontrv,"— A*'"'  r<T^fr  Triftpnr, 

^It  U,  t  jitruwiin^the  beatattejnpt  AtJoanialiBiuof  ibolclnderer  made  In  ir 

try«— ^^. 

'*Tli«  ii  la  admirably  eoniUtot*'d."— ^iwiln^  iffll/. 

**  In  our  c^i'nuoii,  iiic  right  Idea  haa  been  happily  bit  tn  the  plan  of  Ihts  new  OMmtlily." 

"*  Jtut  the  pablicfttlon  needed  at  the  present  day."—M>nlrea/  O^itUt, 
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l^aifntmff  in  oil  oa««#^  ntutit  he  tnade  in  nttrattfic. 

It  Bboold  be  Diftde  by  poital  moaey-ordcr  or  chock  U*  the  I'uhllsbera, 

JD.   A^FFLETOl^  ^  CO., 
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on  or  before  the  date  last  stamped  below. 


